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REPLY TO 
ATTENTION OF 

DEPARTMENT OF THE ARMY 
ROCK ISLAND DISTRICT, CORPS OF ENGINEERS 

CLOCK TOWER BUILDING-P.O. BOX 2004 

ROCK ISLAND. ILLINOIS 61204-2004 

November 15, 1988 

Planning Division 

SEE REPORT DISTRIBUTION LIST 

The Definite Project Report (DPR) with Integrated 
Environmental Assessment (EA) for the Andalusia Refuge 
EMP project is enclosed for your review and comment. 
The Andalusia Refuge project is one of several Habitat 
Rehabilitation and Enhancement Projects (HREP) in the 
Upper Mississippi River System - Environmental 
Management Program (UMRS-EMP). 

Purposes of the project are to enhance migratory 
waterfowl habitat, retard the loss of fish and wildlife 
aquatic habitat, and increase fish habitat including 
deep water wintering habitat. Following are the 
project's major components: 

a. Construct a water level control levee approxi-
mately 5 feet high, 8,600 feet long, and up to 110 feet 
wide from toe to toe; 

b. Construct a pump station, two water control 
structures, and an armored lower levee section; 

c. Dredge a portion of Dead Slough to approximately 
9 feet below flat pool; 

d. Dredge the interior of the moist soil management 
unit (MSMU) formed by the levee to create channels, 
drainage, and an island; 

e. Construct a new mouth for Dead Slough opening 
into Scisco Chute; 

f. Reroute the intermittent stream now emptying 
into the upper end of the MSMU into Scisco Chute; and 

g. Construct an access road to the water control 
structure and place electrical power supply. 
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As required by the Clean Water Act, the Section 
404(b)(l) Evaluation also is included for comment. 
Please furnish comments no later than 30 days from the 
date of this letter. Any questions regarding the EA 
should be directed to Mr. Robert Clevenstine of our 
Environmental Analysis Branch at 309/788-6361, Ext. 386. 
Written comments may be sent to the following address: 

Enclosures 

District Engineer 
U.S. Army Engineer District, Rock Island 
ATTN: Planning Division 
Clock Tower Building - P.O. Box 2004 
Rock Island, Illinois 61204-2004 

Sincerely, 

Nei A. mart 
Colonel, U.S. Army 
District Engineer 
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EXECUTIVE SUMMARY 

Andalusia Refuge and adjacent Dead Slough, located in Pool 16, are a 393-acre 
backwater complex approximately 1 mile north of Illinois City, Illinois. The 
11roposed site is closed to hunting and located within the Upper Mississippi 
Hiver Wildlife and Fish Refuge on General Plan lands made available to 
Illinois through cooperative agreements between the Corps of Engineers and the 
Department of Interior, and between the Department of Interior and the State. 
The refuge is managed by the Illinois Department of Conservation in accordance 
with an annual program submitted to the U.S. Fish and Wildlife Service as a 
National Wildlife Refuge within the meaning of Section 906(e) of the 1986 
Water Resources Development Act. 

Sedimentation from the Mississippi River and adjacent uplands has signifi-
cantly impacted on the Andalusia Refuge and adjacent backwater fisheries. 
Migratory waterfowl already under stress due to drought conditions and loss of 
habitat in the Upper Midwest have been affected, and necessary deep water fish 
habitat off the main channel has been reduced. Duck counts by the Illinois 
Department of Conservation show that the duck use days at the Refuge, an 
important link for waterfowl using the Mississippi flyway, are exceedingly 
low. Food may be present in the Refuge, but there is often no available 
water. Present peak waterfowl use days are less than 2,000. This compares to 
conditions at the next nearest refuges, where water levels can be controlled, 
at Lake Odessa (River Mile 437) and Princeton Refuge (River Mile 507). Peak 
use days at these refuges are as much as 50 times higher than Andalusia 
Refuge. Additionally, fish are trapped in adjacent sloughs when water levels 
fall in the late spring and die from low levels of dissolved oxygen, and, in 
some years, from the high summer water temperatures or winter freeze-outs 
caused by the almost complete absence of water. 

Alternative locations in the floodplain between Lake Odessa and Princeton 
Refuge were considered. Pool 17 has very little potential for sites in the 
upper pool due to flood control levees close to each shoreline. The first 
suitable location is already occupied by the Big Timber Division of the Mark 
Twain National Wildlife Refuge (River Mile 444). In Pool 16, Andalusia Island 
(River Mile 467) is not feasible because of the absence of land access and 
significantly higher construction costs necessitated by having to levee the 
entire perimeter. "Milan Bottoms" (River Mile 477) is not feasible since land 
dedicated to new uses would involve significant loss of present wood duck and 
terrestrial habitat benefits. There are no suitable locations in Pool 15 due 
to intense development, and none in Pool 14 below the existing refuge at 
Princeton, Iowa. 

Project objectives are to: enhance migratory waterfowl habitat by providing 
adequate vegetation and reliable loafing and resting areas; retard the loss of 
fish and wildlife aquatic habitat by reducing sedimentation into the Refuge 
and Dead Slough; increase fish habitat in Dead Slough by channel excavation; 
and increase habitat available for wintering fish by providing deeper water 
areas. 



The alternatives considered to accomplish the objectives included: variously 
sized moist soil management units (MSMU's); diversion of four adjacent 
watersheds supplying flow and sediment; river bank protection of the Refuge; 
various access channels and slough excavation configurations for Dead Slough; 
varying interior and side channel drainage excavation and associated island 
configurations within the MSMU; and various access road configurations to 
permit pump station and levee maintenance access. MSMU sizes considered 
ranged from a 130-acre area protected by a perimeter 2-year earthen levee 
approximately 6 feet high with a 12-foot crown to a 265-acre MSMU protected by 
levees corresponding to 5- and 10-year events with average heights of 9 and 11 
feet, respectively. Watershed diversions considered all four watersheds and 
included diversion drainage lengths of 2,200 to 2,500 feet on private land 
which would require permanent easements or additional fee title. River bank 
protection would consist of crushed stone bedding with a riprap blanket to 
protect approximately 85 acres of emergent and submergent vegetation from 
possible Mississippi River erosion. 

Dead Slough and access channel alternatives required locations where neither 
erosion nor deposition occurred and which were consistent with other project 
features, while allowing adequate material placement. Interior channels were 
necessary to facilitate drainage during drawdowns, hastening establishment of 
new vegetation, and to provide material for adjacent levee borrow. Interior 
material placement had to provide optimal island protection for waterfowl 
from foraging land animals. Access to the pump station alternatives required 
reliable all-year access, consideration of potential disruption of Refuge 
objectives due to unauthorized access, and clearing and ownership 
considerations. 

The selected plan for the habitat project consists of constructing a 2-year 
event levee averaging approximately 6 feet high, 8,600 feet long with top 
widths of either 12 feet or 60 feet, providing water level control on 130 
acres of Refuge land. Included are a pump station capable of pumping 3,500 
gallons per minute into the Refuge and 5,000 gallons per minute from the 
Refuge, one gated water control structure, and an armored lower section of 
the levee to withstand overtopping of the levee without damage during floods. 
Mechanical excavation in Dead Slough to a depth approximately 9 feet below 
flat pool (about 110,000 cubic yards) and in the interior of the MSMU (about 
75,000 cubic yards) will create approximately 3.1 miles of channel (10,900 
feet within the MSMU and 5,600 feet within Dead Slough). Channel width within 
Dead Slough adjacent to the levee will be 60 feet at the base of the cut. 
The configuration of the dredged channel within the MSMU will create eight or 
more islands, totalling about 9 acres. These channels will enable fish to 
leave the MSMU through a water control structure into Dead Slough and then 
into the main channel. The new mouth of Dead Slough will empty into Scisco 
Chute. The intermittent stream now depositing sediment in Refuge backwaters 
will be redirected to Scisco Chute, decreasing the sedimentation rate in the 
Refuge and Dead Slough. The new channel will be 2,430 feet long and 3 feet 
deep with a 30-foot bottom width. It will be located on Government-owned land 
and will be capable of conveying a 2-year event within bank. The other three 
streams have no feasible rerouting alternatives and will be left unchanged.· 
River bank erosion was determined to be insignificant, not threatening the 
stability of the bank or the interior portion of the Refuge. The recommended 



access road consists of approximately 3,600 feet of a 12-foot-wide service 
road, which also will be used for placement of overhead poles for electric 
power supply. Illinois Department of Conservation personnel will control 
access to the road to minimize disturbance to the Refuge area. 

Average annual operation and maintenance costs of the project are estimated to 
bP $11,400. The Illinois Department of Conservation has agreed to be respo11-
sible for the operation and maintenance of the project. 

The habitat project will create a reliable food supply for migratory water-
fowl in the fall, enabling water level manipulation on 130 acres of wetland 
to enhance food production. With the ability to manage water levels, water 
usually would be drawn down in June for the germination of natural or aerially 
seeded plants benefitting waterfowl, such as smartweed or Japanese millet. 
Water levels would be raised as the plants grow, allowing the seed heads to 
remain above the water level. The levee will prevent 2-year flood events 
(which have occurred only twice during the 22 years of record for the manage-
ment period) from destroying the food crop, significantly increasing the 
Refug~'s capacity to provide food and refuge. The channel configuration 
within the MSMU will create 9 acres of island suitable for the nesting of 
Canada geese. Improvements within Dead Slough and reopening the access will 
provide improved water circulation, increased levels of dissolved oxygen, and 
a decrease in the rapid water temperature fluctuations which now occur. The 
relocated drainage channel will improve water quality in Dead Slough and in 
the MSMU, with the decreased sediment influx prolonging project life. 

It is proposed that the following information be collected to evaluate 
performance of the project: summer and winter measurement of dissolved oxygen 
in Dead Slough; soundings of Dead Slough and fish access channel excavations; 
sedimentation measurements within the MSMU; biennial waterfowl inventories 
during the fall migration; biennial vegetation inventories by water level and 
by time of year within the MSMU; and, biennial fishery inventories in Dead 
Slough. 

The District Engineer has reviewed the project outputs and determined that 
implementation of the identified plan is justified and in the Federal 
interest. The project area is managed as a National Wildlife Refuge within 
the meaning of Section 906(e) of the 1986 Water Resources Development Act. 
Therefore, approval for construction of the Andalusia Refuge habitat reha-
,bilitation and enhancement project is recommended by the Rock Island District 
Engineer at a 100 percent Federal cost estimated to total $1,870,000. The 
District Engineer further recommends that funds in the amount of $24,000 be 
allocated as quickly as possible for the preparation of plans and specifica-
tions. 
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UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT 
WITH INTEGRATED ENVIRONMENTAL ASSESSMENT 

ANDALUSIA REFUGE 
REHABILITATION AND ENHANCEMENT 

POOL 16, MISSISSIPPI RIVER MILES 462 THROUGH 463 

ROCK ISLAND COUNTY, ILLINOIS 

1. INTRODUCTION. 

a. Purpose. The purpose of this report is to present a detailed pro-
posal for the rehabilitation and enhancement of Andalusia Refuge. This report 
provides planning, engineering, and sufficient construction details of the 
selected plan to allow final design and construction to proceed subsequent to 
approval of this document. 

b. Resource Problems and Opportunities. Andalusia Refuge and adjacent 
Dead Slough is a 393-acre backwater complex located between Mississippi River 
miles 462 and 463 in Pool 16. The project, located in Rock Island County, 
Illinois, lies on the Illinois left bank of the Mississippi River across from 
Fairport, Iowa, and is also about 1 mile north of Illinois City, Illinois. 
The proposed project is located within the Upper Mississippi River Wildlife 
and Fish Refuge on General Plan lands owned by the U.S. Army Corps of 
Engineers. The site is managed by the Illinois Department of Conservation 
(IDOC) under authority of Cooperative Agreements with the U.S. Fish and 
Wildlife Service (USFWS) and the Corps of Engineers. 

The IDOC manages the approximately 393-acre Refuge primarily as a feeding and 
resting area for waterfowl. At present, there is no water level control in 
the Refuge, which limits management capability in providing quality habitat 
for waterfowl. The portion of the Refuge south of Dead Slough is particularly 
shallow and frequently has little or no water during the fall waterfowl migra-
tion. Although waterfowl food, such as smartweed and arrowhead, is often 
present, the lack of water level control significantly decreases the Refuge's 
ability to support migratory waterfowl, which is its primary objective. 

In addition, sediment originates from both the Mississippi River during flood 
events and adjacent watersheds. Sediment from the adjacent bluff-top water-
sheds enters the Refuge through several small streams that empty into the 
upper end of the Refuge. Sediments decrease the water volume in the Refuge. 
This sedimentation has caused a succession from a dominance of aquatic bed-
palustrine wetlands to more emergent class plant species such as sedge, rice-
cutgrass, and willow. Acquisition of water level control and channel dredging 
can compensate for this sedimentation and reserve the plant succession from 
terrestrial toward a more desirable aquatic and semi-aquatic (marsh) 
condition. 



Measures to prevent sediment deposition from adjacent upland erosion include 
upland erosion control and/or diversion of adjacent watershed flows having 
heavy sediment loads from the project site. The principal measures to reduce 
river source sediment are diverting river flows or blocking flows through the 
area. Such measures would include use of natural tree buffers, construction 
of levee systems, or construction of deflection dikes. 

The proposed project will fill an important gap in providing a reliable and 
much needed refuge for fall migratory waterfowl along the Upper Mississippi 
River. Between the Iowa Department of Natural Resources (DNR) Refuges at 
Princeton, Iowa (River Mile 507) and Lake Odessa, Iowa (River Mile 437), 
there are no other waterfowl refuges capable of water level control. Water 
level control is a necessary management tool for river refuges in order to 
provide a reliable food source for fall migrating waterfowl. Although natural 
waterfowl food sources (i.e., smartweed, arrowhead, wild celery, wild millet) 
are occasionally abundant when low summertime water levels occur, fall high 
water events frequently ruin their value to waterfowl. The construction of a 
Moist Soil Management Unit (MSMU) on the Andalusia Refuge (River Mile 462) 
will allow: (1) the reliable production of waterfowl food crops during summer 
months and (2) protection from loss due to fall flood events and optimization 
of water levels for waterfowl. 

Construction of the levee required for the MSMU is also a unique opportunity 
to restore a backwater fishery habitat in Dead Slough that has been gradually 
lost due to sedimentation. The Andalusia Refuge overall has experienced 
sedimentation at an average rate of 0.5 inch/year since construction of the 9-
foot channel. Dead Slough itself has experienced a rate closer to 0.8 
inch/year due to pre-lock and dam deeper areas. Dead Slough is a backwater 
pond which is now isolated from the main river due to sedimentation at its 
mouth. Falling water levels regularly trap fish in the slough and cause 
frequent fish kills when dissolved oxygen is depleted. The reconnection of 
Dead Slough to the main river will restore and enhance the fishery resources 
of that portion of the Refuge. 

c. Scope of Study. The geographical scope of the study area is shown 
on plates 1 and 2. Emphasis was placed on developing project features which 
were located on existing State or Federal lands. Although additional land 
could be purchased by non-Federal interests, alternatives with land acquisi-
tion were generally not pursued due to policy, scheduling, and funding 
purposes. Alternatives involving upland erosion control were not studied 
in detail. The U.S. Soil Conservation Service has primary jurisdiction for 
these programs. 

Field surveys were performed in developing sedimentation estimates, assessing 
effects near project boundaries and Government property lines, and estimating 
excavation/dredge quantities. Surveyed sections will be used to evaluate 
post-construction performance. 

Soil borings were taken to assess sediment types, to verify foundations of 
proposed structures, and to determine excavation/dredging difficulty. Water 
quality sampling was initiated at the commencement of the study and will 
continue through construction. 
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Fish and waterfowl observations within the study area were made by the IDOC. 
These observations will assist in evaluating project performance. 

d. Format of Report. The report is organized to follow a general problem 
solving format. The purpose and problems are presented in Section 1. Section 
2 provides an overview of how and why Andalusia Refuge was selected as a 
project within the Environmental Management Program. Section 3 establishes 
the baseline for existing resources. Section 4 provides the objectives of 
the project. Sections 5 and 6 propose and evaluate project alternatives. 
Sections 7 and 8 describe the selected plan. Section 9 is an assessment of 
environmental effects from the proposed plan. Section 10 provides a summary 
of project accomplishments or benefits. Sections 11, 12, and 13 describe 
estimated operation and maintenance considerations, performance monitoring, 
and detailed cost estimates for both initial construction and annual operation 
and maintenance. Sections 14, 15, 16, and 17 provide a summary of implemen-
tation requirements and coordination. Sections 18, 19, and 20 present the 
conclusions, recommendations, and Finding of No Significant Impact. 

Drawings (plates) have been furnished to provide sufficient detail to allow 
review of the existing features and the proposed plan. Plates 1, 2, and 3 
show the project location, the recommended plan, and alternative plans. Plate 
4 shows adjacent watersheds which were studied to evaluate adjacent sedimenta-
tion effects. Plates 5 and 6 provide 22 years of hydrographic record of the 
Mississippi River at the proposed project site. These hydrographs provide the 
relationship between river flood events and proposed levee heights. Plate 7 
provides soil borings which were used to evaluate foundation effects and 
excavation/fill methods. Plates 8, 9, 10, 11, 12, and 14 provide plan views 
of the selected alternative. Plate 13 was included to show existing ground 
surfaces relative to river erosion effects. This plate, with accompanying 
monitoring plates of 23, 24, and 25, provides a basis for future monitoring 
ranges. Plates 15, 16, 17, 18, and 19 provide profiles and section views for 
the selected plan. Plates 20, 21, and 22 provide concept plans and details 
for the pump station and the water control plan. 

e. Authority. The authority for this report is provided by the 1985 
Supplemental Appropriations Act (Public Law 99-88) and Section 1103 of the 
Water Resources Development Act of 1986 (Public Law 99-662). The proposed 
project would be funded and constructed under this authorization. Section 
1103 is summarized as follows: 

Section 1103. UPPER MISSISSIPPI RIVER PI.AN 

(a) (1) This section may be cited as the Upper Mississippi 
River Management Act of 1986. 

(2) To ensure the coordinated development and enhance-
ment of the Upper Mississippi River System (UMR), it is hereby 
declared to be the intent of Congress to recognize that system 
as a nationally significant ecosystem and a nationally signifi-
cant commercial navigation system. Congress further recognizes 
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that this system provides a diversity of opportunities and 
experiences. The system shall be administered and regulated 
in recognition of its several purposes. 

(e) (1) The Secretary, in consultation with the Secretary 
of the Interior and the States of Illinois, Iowa, Minnesota, 
Missouri, and Wisconsin, is authorized to undertake, as identified 
in the Master Plan -

(A) a program for the planning, construction, and evalua-
tion of measures for fish and wildlife habitat rehabilitation and 
enhancement ... 

2. GENERAL PROJECT SELECTION PROCESS. 

a. Eligibility Criteria. A design memorandum (or implementation docu-
ment) did not exist at the time of the enactment of Section 1103 of the Water 
Resources Development Act of 1986. Therefore, the North Central Division, 
U.S. Army Corps of Engineers, completed a "General Plan" for implementation 
of the Upper Mississippi River System-Environmental Management Program (UMRS-
EMP) in January 1986. The USFWS, Region 3, and the five affected States 
(Illinois, Iowa, Minnesota, Missouri, and Wisconsin) participated through the 
Upper Mississippi River Basin Association (UMRBA). Programmatic updates of 
the General Plan for budget planning and policy development are accomplished 
through Annual Addendurns. 

Coordination with the States and the USFWS during the preparation of the 
General Plan and Annual Addendums led to an examination of the Comprehensive 
Master Plan for the Management of the Upper Mississippi River System. The 
Master Plan, completed by the Upper Mississippi River Basin Commission in 
1981, was the basis of the recommendations enacted into law in Section 1103. 
The Master Plan report and the General Plan identified examples of potential 
habitat rehabilitation and enhancement techniques. Consideration of the 
Federal interest and Federal policies has resulted in the following 
conclusions: 

(1) First Annual Addendum. The Master Plan report ... and the 
authorizing legislation do not pose explicit constraints on the kinds of 
projects to be implemented under the UMRS-EMP. For habitat projects, the main 
eligibility criteria should be that a direct relationship should exist between 
the project and the central problem as defined by the Master Plan, i.e., the 
sedimentation of backwaters and side channels of the UMRS. Other criteria 
include geographic proximity to the river (for erosion control), other agency 
missions, and whether the condition is the result of deferred maintenance .... 

(2) Second Annual Addendum. The types of projects that are 
definitely within the realm of Corps of Engineers implementation authorities 
include the following: 
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- backwater dredging 
- dike and levee construction 
- island construction 
- bank stabilization 
- side channel openings/closures 
- wing and closing dam modifications 
- aeration and water control systems 
- waterfowl nesting cover (as a complement to 

one of the other project types) 
- acquisition of wildlife lands (for wetland 

restoration and protection.) Note: By 
letter of 5 February 1988, the Office of 
the Chief of Engineers directed that such 
projects not be pursued. 

A number of innovative structural and nonstructural solutions which address 
human-induced impacts, particularly those related to navigation traffic and 
operation and maintenance of the navigation system, could result in signifi-
cant long-term protection of UMRS habitat. Therefore, proposed projects which 
include such measures will not be categorically excluded from consideration, 
but the policy and technical feasibility of each of these measures will be 
investigated on a case-by-case basis and recommended only after consideration 
of system-wide effects. 

b. Selection Process. Projects are nominated for inclusion in the 
Rock Island District's habitat projects program by the respective State con-
servation agencies and the USFWS based on agency management objectives. To 
assist in the project formulation process, the Fish and Wildlife Interagency 
Committee (FWIC), a group composed of State and Federal biologists who work at 
projects along the Mississippi River and Illinois Waterway, convened a series 
of meetings in 1986 to consider critical habitat needs along the Mississippi 
River. At these meetings, the available habitat was evaluated on a pool-by-
pool basis. This analysis revealed deficiencies (such as feeding, resting, 
and loafing areas for migratory waterfowl, absence of deep water off the main 
channel for diving ducks, fish, etc.) as well as types of habitat in abundant 
supply (e.g., mature bottomland hardwood). With this information, projects 
being considered can most accurately reflect broader regional needs in 
addition to representing the best site-specific choices. 

Rock Island District assists the State and the USFWS agencies proposing 
habitat projects through use of an in-house task force with members from the 
design, hydraulics, channel maintenance, environmental, and waterways planning 
branches. As projects are being conceptualized, this groups meets on-site 
with State and USFWS personnel to examine as fully as possible what site-
specific benefits would be both desirable and engineeringly feasible. 

As input to the District to assist in the final selection of projects to 
be included in the program, projects are ranked according to the biological 
benefits that they could provide by the FWIC. Each project is considered, and 
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project alternatives to increase habitat benefits for fish, waterfowl, and 
other wildlife are suggested. Every project is ranked according to the 
benefits provided as high, medium, or low. 

The FWIC rankings are forwarded to the District and to the River Resources 
Coordinating Team (RRCT), an interagency policy group which meets to coor-
dinate Mississippi River activities. The RRCT examines the FWIC rankings and 
i 11c l udes consideration of the broader policy perspectives of the agencies 
submitting the projects. The RRCT-recommended rankings also are submitted to 
the District, and the District then formulates and submits a recommended 
program to the EMP program manager at North Central Division which is 
consistent with the overall program objectives. 

Projects consequently have been screened by biologists closely acquainted 
with the rivers. Resource needs and deficiencies have been considered on a 
pool-by-pool basis to ensure that regional needs are being met and that the 
best expertise available is being used to optimize the habitat benefits 
created at the most suitable locations. 

c. Specific Site Selection. Through the above selection process, 
Andalusia Refuge was recommended and supported as capable of providing high 
waterfowl and aquatic benefits if proposed project features were implemented. 
The site is located on existing federally owned lands, a significant aspect 
relative to project development. Andalusia Refuge is also locally known by 
the public as a closed refuge, minimizing land use changes and potential 
adverse public reactions. 

Other floodplain and out-of-floodplain locations were evaluated within this 
reach of the river for potential waterfowl and aquatic enhancement benefits. 
Out-of-floodplain or upland (non-wetland) locations were considered not 
feasible for this project. The very nature of waterfowl and aquatic enhance-
ment is wetland dependent and requires that it be constructed in a location 
with an abundant surface water supply immediately adjacent to the river. 

Alternate locations to the Andalusia Refuge site (River Mile 462) within the 
floodplain were considered. In Pool 16, there are only two other locations 
where similar waterfowl water control measures could possibly be located: 
Andalusia Island and the "Milan Bottoms" near the mouth of the Rock River. 

The Andalusia Island complex (River Mile 467) is very similar to the proposed 
project site. Its location being an island, however, would make management 
extremely difficult due to the lack of land access. Construction costs also 
would be significantly higher because a levee would be required on all four 
sides. 

The "Milan Bottoms" area is a large, several-hundred-acre forest-wetland 
complex (River Mile 477) that State biologists in the past have considered 
as having potential for waterfowl habitat development. This area has some 
of the best existing habitat in Pools 15 and 16 because of its diverse complex 
of wetlands, backwaters, and forest. The area already is extremely important 
reproductive habitat for wood ducks. But it would be difficult to achieve 
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enough migratory habitat benefits to overcome the potential loss of repro-
ductive habitat. Negative impacts to other wildlife increase the losses. 
The lack of a large, unforested expanse would require extensive clearing to 
achieve waterfowl benefits similar to those at the currently proposed 
location. 

Pool 15 offers no possible locations due to its intensely developed nature, 
and Pool 14 offers no suitable locations until the existing refuge at 
Princeton, Iowa, (River Mile 507). Downstream, Pool 17 has very little 
potential for sites in the upper part because of flood control levees close to 
each shoreline. The first suitable location is already occupied by the Lake 
Odessa, Iowa, Refuge (River Mile 437). The lack of suitable alternative sites 
emphasizes the importance of developing the existing Andalusia Refuge. 

3. ASSESSMENT OF EXISTING RESOURCES. 

a. Resource History. The Refuge area was principally a wooded area prior 
to the completion of Lock and Dam 16 at Muscatine, Iowa, in 1937. The present 
Dead Slough area was considered a lake in 1936, but once Pool 16 was formed, 
the area became as series of backwater channels, ponds, and lakes. 

The U.S. Army Corps of Engineers acquired the acreage of the project site 
for navigational purposes prior to completion of the lock and dam. These 
lands are presently managed as part of the Upper Mississippi River Wildlife 
and Fish Refuge under terms of a Cooperative Agreement dated February 14, 
1963, between the Department of the Army and the Department of Interior, and a 
subsequent Agreement between the Department of Interior and the IDOC. 

b. Land Use. The Andalusia Waterfowl Refuge is managed by the IDOC. 
It is closed to all hunting from October 1 through December 31 every year 
in order to provide a feeding and resting area for migratory waterfowl. The 
Refuge (between River Miles 462-463) and surrounding habitat total approxi-
mately 393 acres. Based on aerial photographs taken in September 1984 and a 
1982 IDOC vegetation survey, the composition of the Refuge as presented in 
table 3-1. 

The upper end of the Refuge has the highest elevation. This area receives 
a significant amount of sediment deposition from the small creek which is 
proposed for realignment and is now completely dominated by wet soil species 
such as sedge and rice cutgrass. Proceeding westward (downstream), the 
vegetation gradually changes toward more aquatic species such as arrowhead 
and bulrush, and eventually to submerged species such as coontail, pondweed, 
and star grass in deeper areas. Dead Slough has no deep, open water and is 
100 percent composed of submergents such as coontail, curlyleaf pondweed, 
duckweed, and potamogeton. The mouth of Dead Slough is a vegetated mudflat 
dominated by willow and giant smartweed. 

In contrast to the existing conditions, 1964 aerial photographs showed a 
refuge consisting predominantly of open water and woodland. Sedimentation was 
evident at the mouth of Dead Slough, but a channel was still contiguous with 
the main river at low water. At present, Dead Slough has no water exchange 
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with the river except during floods. Several of the small, shallow backwater 
ponds and inlets within the Refuge have since succeeded to vegetated mudflats, 
willow thickets, or other persistent emergent wetland types. 

TABLE 3-1 

Andalusia Refuge Existing Features 

Aquatic Conditions 

Main Channel 
Main Channel Border 
Side Channel 
Sloughs 
River Lake, Floating Submergent (lotus, 

coontail, duckweed) 
Open Water (Occasional) 

Total Aquatic 

Terrestrial/Wetland Conditions 

Forest (silver maple, cottonwood, 
willow) 

Brush 
Meadow 
Sand 
Mudflat, Emergent Persistent and 

Non-Persistent (rice cutgrass, 
arrowhead, smartweed, bulrush, 
cattail) 

Agriculture 
Developed 

Total Terrestrial 

Total Aquatic and Terrestrial 

Area. Acres 

87.0 
...L.2 

94.5 

236.0 

62.0 

298.0 

392.5 

c. Existing Fisheries Use. Dead Slough is an extremely shallow back-
water slough of the Mississippi River. Maximum depth at an adjusted flat pool 
stage of 545.0 MSL (Fairport gauge) was approximately 1.5 feet in May of 1988 
compared to the Plane Table survey of 1936 which showed mean depths of 6 feet 
from the same reference stage. The slough is virtually 100 percent vegetated 
during summer growing periods, with coontail, curlyleaf pondweed, and duckweed 
dominating the vegetation. 

Fish populations in the slough are sporadic and stage-dependent. Severe 
summer and winter kills have been reported by both local residents and IDOC 
district wildlife biologists. These kills have been attributed to dissolved 
oxygen crashes brought on by high sediment oxygen demands and biological 
oxygen demands coupled with thermal stresses. The slough undoubtedly acts 
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as an important fish refuge area during flood events and provides sport 
fishing opportunities during these periods. The slough also provides spawning 
and/or nursery habitat for fish species including carp, largemouth bass, black 
crappie, bluegill, smallmouth buffalo, and golden shiners. Other species 
collected in the area during a May 1988 sampling were shortnose gar, bowfin, 
gizzard shad, and central rnudrninnow. Fish trapped in the area by receding 
water are subjected to extreme dissolved oxygen and temperature stress, o[tC'u 
leading to the fish kills already discussed. Because of these conditions, the 
net fisheries value of this area is near zero or is negative. During spring 
and fall floods, the area has value, but this value is largely negated by 
subsequent fish kills. 

d. Existing Waterfowl Use. Migratory waterfowl use of Andalusia Refuge 
is low, primarily due to its erratic food production for migratory waterfowl. 
The Refuge's present primary benefit is in providing a resting area (no 
hunting). Available food, such as duck potato, wild millet, and smartweed, 
varies annually according to water level fluctuations. Summer floods often 
prevent germination or growth of food plants, or late fall flood events often 
inundate good food crops under several feet of water. Active management of 
the Refuge is minimal since there is very little that can be done to signifi-
cantly affect habitat quality for waterfowl. Censuses of waterfowl use in the 
Refuge indicate very low use compared to other waterfowl refuges in nearby 
pools that have water level management capability. 

The aerial census information available for the Andalusia Refuge indicates 
that peak waterfowl use days probably has never exceeded 2,000. This is no 
better than other unmanaged locations in Pool 16. In comparison, the 348-acre 
refuge at Princeton, Iowa (Pool 14) had 100,000 duck use days for the 1987 
fall migration and a peak day use of 15,000. Figures for other years are 
comparable. 

e. Water Quality. The water quality of Dead Slough is poor. The shallow 
depth (maximum of 1.5 feet at flat pool) and lack of contiguity with the main 
river cause frequent oxygen depletion and increased temperature in summer and 
fall. Total fish kills are common following high water periods that leave 
fish stranded in the slough without any exit. 

There is very little to no water in the refuge area proposed for levee 
protection. Most of the area consists of moist soil vegetation (reed canary 
grass, sedge, cattail, etc.) with water present only during spring and fall 
flooding. 

Elutriate analyses showed only ammonia-nitrogen exceeding surface water 
quality standards. The effects of ammonia-nitrogen can be minimized by 
selecting appropriate construction methods and/or excavation/dredging during 
low temperature and pH seasons of the year. 
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f. Endangered Species. The following federally endangered species are 
listed as being historically or currently present in Rock Island County: 

Indiana bat 
Bald eagle 
Higgins' eye pearly mussel 
Fat pocketbook 

Myotis sodalis 
Haliaeetus leucocephalus 
Lampsilis higginsi 
Potamilus capax 

None of these species has been observed or documented on the project, except 
for periodic use by bald eagles during late fall and early winter. 

g. Cultural Resources. The proposed project levee alignment will impact 
a natural levee. Both the proposed stream diversion channel and access road 
crosscut alluvial fans. Previous investigations in the Mississippi River 
floodplain indicate that natural levees have a moderate potential for con-
taining archeological deposits, while alluvial fans have been found to have 
much higher potential for containing intact buried archeological deposits. 
Previous archeological surveys conducted in the Mississippi River Pool 16 
area have documented archeological sites dating from the Archaic period, 
8,000 years ago, to the Woodland period, 900 years ago. None of the proposed 
project area had been previously examined for historic properties. 

h. Adjacent Water Projects. 
adjacent to the Mississippi River 
and Harbors Act of July 3, 1930. 
will not affect navigation. 

The proposed Andalusia Refuge project is 
9-Foot Channel, as authorized by the Rivers 
Proposed project features of this report 

i. Sedimentation. A sedimentation study was conducted to evaluate 
sedimentation in Dead Slough and in the Refuge area during the period 1936 
through 1987. The average sedimentation rate for the entire area has been 0.5 
inch/year. The average rate for Dead Slough has been approximately 0.8 inch/ 
year. 

The two predominant sedimentation sources are the Mississippi River and 
adjacent upland erosion. A comparison of river versus upland erosion is 
presented in table 3-2, along with potential sediment reductions due to the 
proposed project. 

4. PROJECT OBJECTIVES. The objectives of the project are to: 

a. Enhance migratory waterfowl habitat by providing adequate vegetation 
in reliable resting and loafing areas. 

b. Retard the loss of fish and wildlife aquatic habitat by reducing 
sedimentation into the Refuge and Dead Slough. 

c. Increase fish habitat in Dead Slough by access and channel excavation. 

d. Increase habitat available for wintering fish by providing deeper 
water areas. 
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5. 

TABLE 3-2 

Comparison of River Versus Upland Erosion Sedimentation 

Sedimen- Existing 
tation 
Source Ac-Ft/Yr 

Adjacent 
Watershed 11.0 

River 17.0 

Net 28.0 

§./ (28.0 - 4.2)+- 28.0 

ALTERNATIVES. 

Conditions 

_%_ 

39.3 

_§Q_,_l 

100.0 

= .15 

Sedimentation Reduction 
Due to Proposed Project 

Ac-Ft/Yr 

4.2 

0.0 

4. 2 

_%_ 

15.0 Iii 

_Q_._Q 

15.0 

a. Alternative A - No Federal Action. No Federal action would consist of 
no Federal funds being provided to meet the project purposes. State and local 
funds would be required to restore and enhance aquatic habitat. 

b. Alternative B - 130-Acre MSMU Protected by 2-Year Levee. This plan 
consists of the construction of an approximate 130-acre MSMU protected by a 
perimeter 2-year earthen levee. The unit would consist of a perimeter levee 
approximately 8,600 feet in length tying into adjacent high ground on the 
south, as shown on plate 2. The MSMU area would be supported by a permanent 
pump station and water control structure. The pump station would have the 
capability of pumping from the MSMU during dewatering to the Mississippi River 
and also would be able to pump from the Mississippi River to the MSMU for 
additional inundation during migratory periods. 

The general operating scenario for this alternative would consist of dewater-
ing the unit commencing in June of each year (or as soon as possible following 
spring floods) and maintaining a dewatered condition through July and August. 
During this dewatered time, natural vegetation would emerge and/or seeds would 
be planted which would best support migrating waterfowl. Once either planted 
seeds or natural vegetation occurs, water levels would be allowed to increase 
within the unit by gravity flow. After water levels and vegetation within the 
unit reach adjacent river levels, additional water would be pumped from the 
river into the unit during September and October. The pumping of additional 
water would utilize the full capacity of the MSMU for migratory waterfowl. 

The 2-year event levee would be approximately 6 feet high with a minimum 12-
foot crown and typical sections as shown on plates 18 and 19. Because this is 
only a 2-year event levee, provisions are necessary to allow overflow to occur 
without significant annual maintenance. 
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Gv~rflow of the levee would occur by means of a riprap-protected section, as 
shown on plate 12, and by use of the gates on both the water control structure 
and the pump station. 

c. Alternative C - Other MSMU Sizes. Additional sizes of MSMU's within 
the study area also were considered, as shown on plate 3. An additional 90 
ncres of unit could be achieved by extending the levee system down river by 
about 3,000 feet, as shown. 

Approximately 65 additional acres also could be added by extending the 
perimeter system around Dead Slough, as shown on plate 3. Water levels within 
Dead Slough and the Refuge would be controlled by a similar pump station and 
water control structure, as discussed in Alternative B. 

d. Alternative D - MSMU Protected by Higher Levees. Higher levees to 
protect the MSMU also were studied, and levee heights corresponding to 5- and 
10-year event frequencies were evaluated. These levees would consist of the 
same features as described in Alternative B, but would have approximate 
average levee heights of 9 feet and 11 feet for the 5- and 10-year events, 
respectively. 

e. Alternative E - Adjacent Watershed Flow and Sediment Diversion. 
Adjacent watersheds with corresponding tributary drainage areas are shown on 
plate 4. Sediment from watersheds A, B, and Centers the project site with no 
practical alternative for diversion. Sediment from watershed D enters the 
project site and may be diverted. 

Proposed diversion of sediment from watershed D consists of the construction 
of a diversion drainage ditch, as shown on plate 3. The diversion ditch is 
located on Government property and adequately intercepts all flows from this 
watershed and diverts them directly to Scisco Chute. The diversion ditch 
consists of a trapezoidal-shaped excavated channel approximately 30 feet wide 
at the bottom and approximately 2,430 feet long. 

An alternative location for the diversion drainage ditch would consist of a 
ditch located as shown on plate 3. This ditch would require a permanent ease-
ment or fee title to lands off Government property. This alternative location 
would consist of the same typical section and would be approximately 2,200 
feet long. 

f. Alternative F - Refuge Bank Protection. River bank protection from 
Mississippi River flood events also was studied, as shown on plate 3. This 
protection would consist of 6 inches of crushed stone bedding with an 18-inch 
riprap blanket approximately 2,600 feet long. The intended purpose of this 
bank stabilization is to protect approximately 85 acres of emergent and 
submergent vegetation, as shown, from possible Mississippi River erosion. 

g. Alternative G - Dead Slough Aquatic Improvement. This alternative 
consists of excavating an access channel to Dead Slough and adjacent channel 
excavation to the levee for improved habitat volume and quality. The improved 
areas should be deep enough to allow fish to winter and also to allow for 
future Dead Slough sedimentation. Various configurations of access and slough 
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excavation were considered, as shown on plate 3. The mouth of the new access 
channel should be located in a zone which neither erodes nor exhibits sedimen-
tation. Excavation within Dead Slough should be compatible with other project 
features to allow adequate material placement. The estimated length of the 
Dead Slough aquatic improvement is 5,600 feet. 

h. Alternative H - Refuge Drainage/Island Construction. This alter-
native consists of the construction of interior and side channel drainage 
channels with associated islands, as shown on plate 2. Interior drainage 
channels approximately 8,600 feet long and 50 feet wide would facilitate 
drainage during pump station drawdowns and hasten establishment of new 
vegetation. Material excavated from the interior drainage channels would 
be placed to construct about 9 acres of islands which would serve as island 
refuge to waterfowl from land-based foraging animals. 

The interior side channel would be constructed for adjacent levee borrow 
purposes, would assist in interior drainage during drawdown, and would provide 
a pool for aquatic habitat during the drawdown period. The total length of 
this channel would be approximately 2,300 feet, with a 20-foot bottom width. 
A portion of this channel, 600 feet in length, would be about 6 feet deep 
during drawdown. 

6. EVALUATION OF ALTERNATIVES. 

Alternative A, No Federal Action, would not meet project objectives of 
enhancing migratory waterfowl by providing resting/food support areas or 
improving or stabilizing aquatic habitat from further sedimentation degrada-
tion. Fish kills would continue to occur in Dead Slough when water levels 
fall, trapping fish without egress to the river. Benefits to waterfowl would 
continue to fluctuate erratically, depending upon the season and frequency of 
flood events. Even this marginal waterfowl habitat would gradually decrease 
as aquatic habitat succeeds toward a more terrestrial cover type. Up to 14 
acres of bottomland hardwood would be saved directly if the levee and relo-
cated drainage channel were not constructed. Approximately 18 acres of 
emergent/submergent wetland would not be converted to deep aquatic habitat. 
The leveed area would remain contiguous to the main river with no levee 
to affect fish movement into flooded vegetation. 

Alternative B, 130-Acre MSMU Protected by a 2-Year Levee, is compatible with 
existing Government lands and provides other aquatic improvement opportunities 
within Dead Slough. The inclusion of the additional 90 acres, as shown on 
plate 3, by extending the levee system downriver approximately 3,000 feet was 
not selected due to negative impacts on existing aquatic conditions. This 
area is recognized as a valuable submergent/emergent vegetative zone and is 
a desirable backwater feature. 

In Alternative C, different MSMU sizes were evaluated. Enlarging the size of 
the leveed area would increase the number of waterfowl the area could support. 
Waterfowl gains, however, must be weighed against fishery losses. The levee 
boundary was determined to be the best location to provide the maximum benefit 
to waterfowl and fishery resources. Extending the levee north of Dead Slough 
would negate any fishery benefits that would result from the dredging of Dead 
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Slough. It also could conceivably cause a significant increase in cost, since' 
the levee would be adjacent to the main river channel and hence would requi 1·.:, 
more protection from erosion. Extending the levee westward would place th~ 
l8~ee in more open water and would necessitate a much longer tie-back to 
l1igher ground. In addition to the loss of fishery habitat, there would likely 
be a significantly higher cost to maintain the levee section in open water. 

i\n alternative alignment which placed the levee on the north side of Dead 
Slough also was considered. This alternative would increase the MSMU by 
approximately 65 acres, but would greatly diminish fishery benefits from the 
dredging of Dead Slough. 

In Alternative D, higher levee heights were considered. River events 
exceeding a 2-year frequency level during the months of June through December 
were studied. Out of 22 years of record, only 2 events exceeded a 2-year 
elevation during these months of MSMD operation. One of these events occurred 
in June following a long spring flood. This overtopping rate is acceptable, 
given the nature of the project and management objectives. Easements or 
property from abutting private landowners also would be required since the 
Corps has flood easements up to only the 2-year event. A 5-year levee could 
be used to keep floodwaters out, but water levels inside the levee could not 
be raised higher than elevation 550.8 without acquiring additional flood 
easements. 

I~ Alternative E, diversion of flows and sediment was evaluated for all 
adjacent watersheds. Diversion of flows with associated sediment from 
watershed D was the only practical alternative. Flows from watersheds A, B, 
a~d C empty directly into the project site and would require miles of drainage 
d~tches and channel relocations. However, areas where watersheds A, B, and C 
ecpty into the project site have natural alluvial fans with established semi-
1~ature timber stands and low-level brush. These areas effectively settle and 
entrap much of the sediment from upland erosion before they reach Andalusia 
backwater areas. Should monitoring efforts after construction of the proposed 
project reveal substantial sediment inflow due to adjacent watersheds A, B, 
or C, coordination with appropriate soil conservation agencies should be 
effected to initiate upland erosion control programs. 

In Alternative F, refuge bank protection was studied. During efforts to 
ensure that the downstream portion of the Refuge area would remain protected 
from Mississippi River flows, bank stabilization was proposed, as shown on 
plate 3. Field survey sections were taken and compared with 1936 topographic 
m&?S to determine relative movement of the bank line in protecting this area. 
These sections are shown on plates 24 and 25. It was concluded that this 
er.tire reach is not subject to river channel erosion. Shallow water depths of 
approximately 2 to 3 feet at flat pool are present throughout the entire 
reach. However, towboat propeller wash and wind-generated waves have 
contributed to tree line erosion with minor bank effects. 

Comparison of the present survey sections with the 1936 elevations indicated 
that the substantial initial investment and recurring maintenance costs were 
not justified by providing bank stabilization in this reach. Furthermore, a 
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closure dam located down river at approximately river mile 461.2 effectively 
blocks Drury Slough from direct flows and indirectly provides additional 
stability to the left bank within the project site. 

Alternative G consists of the improvement of the Dead Slough area for fishery 
purposes. One of the critical features of the improvement consists of a 
channel for fish access into the Dead Slough area that would be open all year. 
The opening of the channel required location in a sediment-free and erosion-
free zone. Areas on plate 3 were studied as possible alternatives to the new 
channel. One location consisted of a natural flow area as shown. However, 
there is only about 2 to 3 feet of water in the river adjacent to this site 
for about 300 feet. Additionally, the bottom of this zone consists of several 
feet of soft sediments, indicating sediment deposition and questionable side 
slope stability during excavation and subsequent maintenance. 

An additional mouth location also was studied, as shown on plate 3. The 
location of this proposed mouth could possibly increase sedimentation to the 
backwater refuge area by allowing uncontrolled entry of river flows into the 
upper end of the backwater area where such flows presently do not exist. The 
construction of the associated access channel from this point to the levee 
itself also could clear a desired natural buffer zone of mature trees which 
lies adjacent to the river. Clearing of this natural buffer would segment 
this portion of the refuge and possibly allow increased sedimentation in 
the backwater refuge area. These additional flows would create maintenance 
considerations by causing possible erosional scour against the new levee 
system, as well. Approximately 400 feet lies between the existing bank and 
main river channel, with only 3 feet of water clearance over a firm sand 
bottom. This condition would become a blockage to aquatic habitat during low 
flow, ice conditions. Excavation of a deeper channel in this vicinity also 
would encourage accelerated sedimentation in the mouth of the channel itself 
during Mississippi River high water events. 

The location for the mouth of the access channel was selected as shown on 
plate 2. This location lies at the lower end of Scisco Chute and consists of 
an overland cut of about 400 feet. The entire Scisco Chute is a stable 
channel relative to .sedimentation and scour and maintains minimum water depths 
from flat pool of 6 to 8 feet throughout the entire reach. Other evidence of 
erosion, such as downed bank trees, or sedimentation, such as sand or mud 
bars, is not present. Loss of the timber habitat is considered acceptable 
relative to the other negatives of considered alternatives. This access 
channel would provide deep water and reliable year-round fish access to the 
Dead Slough area. 

Additional aquatic improvement also is proposed by means of excavation 
adjacent to the proposed levee, as shown on plate 2. This excavation would 
improve fish access to the Dead Slough area and provide additional deep 
water. Material from this excavation can be placed, as shown on plate 18, 
at the slough's edge to increase the section of the perimeter levee in this 
reach. 
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In Alternative H, interior improvements to the proposed MSMU were evaluated. 
Construction of drainage channels within the refuge itself was considered 
necessary to ensure adequate drainage to the pump station during drawdown 
periods. Without such drainage channels, water from the refuge would not 
reach the station in a timely manner, thus precluding efficient vegetation 
establishment during drawdowns. Material excavated from these ditches would 
be placed adjacent to the excavation zones and would create island habitat for 
additional refuge protection from land-based animals. These islands would be 
constructed as shown on plate 2. Construction of islands was considered a 
management objective to provide island-based refuge for migratory waterfowl. 

Additional excavation within the MSMU, as shown on plate 2, would both provide 
a source of levee borrow and function as a low-water pool for survival of 
aquatic life. 

7. SELECTED PLAN WITH DETAILED DESCRIPTION. 

a. General Description. Alternatives B, E, G, and H were selected to be 
recommended for project construction. The construction of the 130-acre MSMU 
protected by a 2-year levee (Alternative B), selection of adjacent watershed 
flow and sediment diversion (Alternative E), Dead Slough aquatic improvement 
(Alternative G), and refuge drainage/island construction (Alternative H) all 
meet program objectives and are cost effective. This plan further provides 
balanced waterfowl habitat improvement and aquatic fishery habitat improve-
ment. 

The proposed project consists primarily of the construction of a 2-year event 
levee (elevation 550.8 MSL), 8,600 feet long and up to 110 feet wide from toe 
to toe, which will provide water level control on 130 acres of Refuge land, 
and a pump station capable of pumping 3,500 gallons per minute into the Refuge 
and 5,000 gallons per minute from the Refuge. Fill material for the levee 
will be excavated from Dead Slough, from the interior of the newly leveed 
Refuge, and from the diversion drainage ditch. This construction will create 
approximately 3.1 miles of channel (10,900 feet within the Refuge and 5,600 
feet within Dead Slough). (See plates 9-12.) The Dead Slough channel adja-
cent to the levee will have a 60-foot bottom width. The configuration of 
the excavated channels within the leveed area will create islands totalling 
approximately 9 acres. These channels will allow fish to exit the leveed 
Refuge through a new water control structure into Dead Slough, and eventually 
the main river. The new mouth of Dead Slough will now empty into Scisco 
Chute. These channels also will facilitate the drawdown of water levels in 
the Refuge. The water control structure will be placed in the upstream por-
tion of the levee to provide improved water level management, as well as 
permit fish egress and ingress to the levee interior. 

The intermittent stream which now deposits sediment in the refuge backwaters 
will be rerouted directly to the main river (Scisco Chute). This will signif-
icantly decrease the sedimentation rate in the refuge and Dead Slough and will 
prolong the habitat life of the newly dredged channels and leveed area. The 
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new channel will be 2,430 feet long and 3 feet deep, with a 30-foot bottom 
width. This action will require clearing 3.7 acres of timber and excavating 
11,700 cubic yards of material. 

Th~ levee has only been designed for the 2-year event. This level of protec-
t:on will be sufficient to provide water level control for approximately 21 
years out of 22, which is considered good for an MSMU. The levee elevation 
has been designed to withstand frequent overtopping without extensive damage. 
T~e lower portion of the levee will be armored to protect it from overflow 
during floods. 

Dredging will be accomplished by mechanical means (i.e., backhoe or clam-
shell). In order for the mechanical equipment to operate, some trees along 
the immediate shoreline must be cleared. Approximately 7.4 acres of woodland 
and 2.5 acres of submergent/emergent wetland will be lost in a 40- to 100-
foot-wide path along the Refuge's perimeter levee. The equipment for dredging 
Dead Slough also will operate along the levee alignment or from floating 
barges in Dead Slough. 

A new access road approximately 3,600 feet long and an electrical transmission 
line also will be constructed, as shown on plate 14. These will follow the 
government property line from the pwnp station to a county road which abuts 
Corps land just outside the project site. About 2 acres of timber will be 
cleared for this access. 

b. Perimeter Levee. The entire perimeter levee is designed to prevent 
a Mississippi River 2-year flood event from entering the Refuge. The 2-year 
flood elevation for the project site is elevation 550.8 feet MSL, which repre-
sents the elevation of the overflow reach of the levee as shown on plate 12 
from station 24+17CE to station 30+17CE (600 feet). From station 24+17CE to 
station 9+40 (see profile on plate 15), the profile of the levee is approxi-
mately five times steeper than the natural flood profiles of the Mississippi 
River. The profile of the levee in this manner will ensure that the leveed 
system will be filled from the lower end by river events that exceed 2-year 
events. This profile should provide minimal maintenance to the levee in this 
reach. A detailed description of the operational features of the levee system 
is presented in Section 11. 

(1) Station 12+21C to Station 11+00. This reach of levee, as shown 
on plate 8, consists of a 12-foot-wide crown with an approximate height of 4 
feet. Typical section is shown on plate 18. Borrow for this approximately 
1,300 feet of levee will come from excavation of the nearby diversion drainage 
ditch and from Deaq Slough excavation. 

(2) Station 11+00 to Station 8+00CE. This reach of levee of about 
4,100 feet consists of an approximate 60-foot-wide levee crown with 4:1 
(Horizontal:Vertical) side slopes, as shown in plan on plates 9, 10, and 11 
and with typical section on plate 18. 

Through detailed on-site meetings and investigations, this reach of the levee 
has been located adjacent to Dead Slough such that approximately 40 feet of 
the levee section lies on existing ground above flat pool (elevation 545.0) 
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with the remainder of the levee section lying within Dead Slough on land below 
flat pool (average elevation 544.0). This reach of the levee system has a 
substantially thicker section due to the placement requirement of adjacent 
Dead Slough excavation. The average height of this levee is 6 feet. 

After construction, about half of the levee on the slough side will not 
require maintenance. The other half of this levee section will become the 
integral core of the levee and will require annual inspection and maintenance. 

(3) Station 9+00CE to Station 24+17CE. This reach of the levee 
consists of approximately 1,600 lineal feet and has an average height of about 
6 feet with 4:1 side slopes. This reach would be constructed using adjacent 
borrow sources, as shown on plates 12 and 13, with typical section on plate 
18. The width of the levee crown of this reach will be 12 feet. 

(4) Station 24+17CE to Station 30+17CE. This reach of the levee 
consists of approximately 600 feet crossing the most downstream area of the 
MSMU. Average height of this levee will be about 7 feet, with a 12-foot clay 
core and a 2-foot bedding and riprap blanket on the exterior for overflow and 
wave protection. This reach is shown on plate 12, with typical section on 
plate 18. 

Borrow for this section of levee will be obtained from adjacent in-water 
excavation. Typical side slopes will be 4:1 due to construction considera-
tions of the adjacent borrow. 

(5) Station 30+17CE to Station 34+50CE. This 450-foot reach of the 
levee is shown on plate 12, with typical section on plate 19. This section of 
levee will tie into high ground and will be connected to the access road. 
Average height in this reach will be approximately 2 feet. Borrow will be 
obtained from areas adjacent to the access road. 

c. Diversion Drainage Ditch. The plan view of the diversion ditch 
is shown on plate_8, with section shown on plate 18. The bottom width of 
the excavated ditch will be approximately 30 feet, with average depth of 1 
excavation of 3 feet. The drainage ditch has been sized to pass a 2-year 
precipitation event within bank. 

The outlet of the diversion drainage ditch has been placed near flat pool in 
Scisco Chute which closely approximates the existing outlet and which should 
provide a maintenance-free outlet area. 

The entire drainage diversion ditch is located on existing Government lands, 
so no additional easements/fee taking will be required. As shown on the 
typical section, an additional 10-foot-wide unsurfaced maintenance access 
service road also will be built during construction and used for maintenance 
after construction. 

d. Dead Slough Excavation. As shown on plates 9, 10, and 11, with 
typical sections on plate 18, it is proposed to excavate approximately 110,000 
cubic yards for Dead Slough aquatic improvement. The average bottom width of 
this excavation will be about 60 feet to elevation 536 MSL adjacent to the 
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levee. The average cut for this excavation will be approximately 7 feet. 
This material will be placed in the levee section adjacent to Dead Slough, as 
described in the above perimeter levee from station 11+00 to station 8+00CE. 

An additional river access channel also will be constructed from Scisco Chute 
to the Dead Slough area. The approximately 1,100 feet of excavation will 
consist of a 30-foot-wide cut with an approximate 9-foot depth to elevation 
536 MSL, with excavated material placed on adjacent land between stations 8E 
to 13E, as shown in section on plate 19. 

e. Refuge Drainage/Islands. Interior Refuge drainage will be provided by 
the construction of excavated channels, as shown on plates 9, 10, 11, and 12. 
Two types of typical sections will be constructed as shown on plate 19. 

Type I will consist of drainage channels constructed on both sides of an 
island. The excavated material would produce an approximate 45-foot-wide 
island at elevation 551 feet MSL. 

Type II refuge excavation will consist of the drainage channel constructed on 
one side of the excavation with excavated material producing an approximate 
10-foot-wide island with an elevation of 551 feet MSL. The overall length of 
the refuge drainage excavation will be about 8,600 feet. The profile of the 
refuge drainage excavation is shown on plate 17. 

f. Pump Station. The pump station has been sized to evacuate the MSMU 
in approximately 14 days. Plan views and typical sections of the proposed 
station are shown on plate 20. 

The pump station will be furnished with two pumps which will provide the 
capability to dewater the MSMU during drawdown times and to pump water from 
the Mississippi River into the MSMU. The sizes of these pumps will be 5,000 
gpm and 3,500 gpm, respectively. The pump station will be manually energized 
when required and will operate automatically until de-energized. Overhead 
electrical power will be furnished adjacent to the proposed access road. 

This station is being furnished with a trash rack on both the MSMU side and 
the river side due to flow reversals as described. The inverts of the station 
have been set consistent with refuge ditching and adjacent natural ground 
elevations. A sedimentation zone has been provided on the MSMU side with an 
overflow weir protecting the entrance to the station to minimize sediment 
entering the pump station during drawdown periods. 

The station also will contain a 3-foot by 3-foot sluice gate to allow passage 
of gravity flows. The gate will be operated by an electrically driven motor. 

Both pumps and the gate will be located within a cast-in-place concrete 
building structure. A vandal-resistant and durable structure will be 
provided. 
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g. Water Control Structure. 
shown in plan view on plate 21. 
36-inch-diameter concrete conduit 
The conduit will be controlled by 
fitted with portable power source 

A water control structure is proposed as 
The water control structure will consist of a 
located within the proposed levee section. 
a 3-foot by 3-foot sluice gate which will be 
wrench fittings. 

h. Access Road. Access to the pump station and levee system must be 
constructed as part of the project. Three general alternatives were 
considered in providing access, which are presented in table 7-1. 

Alternative 
Description 

Access on top 
of new levee 
from existing 
county highway 
(see plate 3). 

TABLE 7-1 

Evaluation of Access Road Alternatives 

Pros 

Access from 
county highway 
provides year-
round access 
reliability; 
provides good 
surveillance 
of refuge 
activities; 
provides good 
maintenance 
inspection of 
perimeter levee. 

Need right-
of-way from 
county high-
way for 
entrance; 
unauthorized 
public use 
could disturb 
refuge 
objectives; 
requires 
7,600 feet 
crushed stone 
surface on 
top of the 
levee to 
build and 
maintain; 
requires 
3,600 feet 
in length of 
clearing for 
electric 
service line. 
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Estimated 
Initial 

Construction 
Cost Remarks 

$52,000 Not feasible 
due to cost, 
disturbance 
of refuge 
activities, 
and inaccessi-
bility to pump 
station across 
overflow sec-
tion once over-
flow commences. 



Alternative 
Description 

Access across 
private lands 
(see plate 3). 

Access from 
downstream 
existing 
cottages. 

Access is 
remote from 
public view. 

Located 
entirely on 
Government 
lands and 
shortest 
distance, 
about 3,600 
feet of 
electric 
supply would 
follow same 
route. 

TABLE 7-1 (Cont'd) 

Cons 

Requires 
approximately 
3,700 feet of 
access road 
in addition 
to an over-
head electric 
service road 
for elec-
trical supply 
purposes; 
existing road 
to beginning 
of new access 
road not 
maintained 
by county. 

Access 
road would re-
quire filling 
and bank 
stabilization 
in vicinity 
of station 
6+30F, 
as shown 
on plate 14; 
access must 
be coordinated 
with existing 
cottage 
leases and 
boat docks. 

Estimated 
Initial 

Construction 
Cost Remarks 

$48,000 Not feasible 
due to no 
county main-
tenance of 
connecting road 
to road prior 
to new access 
road. 

$65,000 Recommended 
access route. 

The recommended access road consists of the construction of approximately 
3,600 lineal feet of a 12-foot-wide service road, with typical sections shown 
on plate 19. The service road access also will be used by the local utility 
company for placement of overhead poles for electric power supply. IDOC 
personnel will control egress to the access road to prevent and minimize 
public access to the refuge area and consequent disturbance. 

21 



8. DESIGN AND CONSTRUCTION CONSIDERATIONS. 

a. Existing Site Elevations. Construction of the levee and excavation 
equipment types is dependent upon existing water elevations during the 
construction period. During normal dry seasons of the year (June through 
December), conventional excavation equipment can be used for the majority of 
the levee, diversion drainage ditch excavation, Dead Slough excavation, and 
nssociated access road and drainage facilities. 

b. Foundations of Structures. Prior to completion of the final plans and 
specifications, two deep borings will be required to confirm the presence of 
dense sand below the proposed pump station. 

In the areas of the pump station and the water control structure, the levee 
shall be built 2 feet higher than final grade and consolidated for at least 3 
months before excavation of the structure commences. 

c. Borrow Sites/Construction Materials. 

(1) Borrow Sites. Levee embankment sections with corresponding 
borrow sites are presented in table 8-1. 

Levee 
Embankment 
Station 

Station 12+21C 
to 11+00 

Station 11+00 
to 8+00CE 

TABLE 8-1 

Borrow Sources 

Borrow Source 

From diversion drainage 
ditch excavation. 

From adjacent Dead 
Slough excavation. 
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Remarks 

Use Dead Slough excavation as 
additional borrow if quantity 
from diversion ditch is 
insufficient. 

Place uncompacted levee sec-
tion. Construction activities 
for the embankment must allow 
passage of other construction 
equipment on a 10-foot-wide 
temporary access road without 
clear cutting mature timber. 
Based on further evaluation 
of soils data, consideration 
during final design consid-
eration should be given to 
steepening side slopes and 
raising the levee profile 
higher than required (for 
disposal of excess Dead Slough 



Levee 
Embankment 
Station 

Station 9+00CE 
to 24+17CE 

Station 24+17CE 
to 30+17CE 

Station 30+17CE 
to 34+50CE 

TABLE 8-1 (Cont'd) 

Borrow Source 

Adjacent borrow creating 
permanent pool during 
drawdown using land-
based equipment. 

Adjacent submergent 
borrow creating perma-
nent pool during draw-
down using floating 
plant equipment. 

Adjacent to proposed 
access road. 

Remarks 

material). These actions would 
reduce the levee base width 
and impacts on the area. 

Place uncompacted levee fill. 

Possible alternative embankment 
material based on most economic 
section. 

Additional borrow is available 
in vicinity of station 23E. 

(2) Construction Materials. Only common construction materials are 
required for this project. Construction of the access road will allow access 
to the proposed pump station and water control structure. 

Riprap and bedding sources are available from nearby river terminals and 
probably would be transported by floating barge to the project site. 

After construction of the access road, construction materials, including 
concrete, can be transported on the access road to the pump station and the 
water control structure using conventional equipment. 

Because of the significant quantity of bedding and riprap, riprap sources were 
investigated and are readily available within several miles of the project 
site. These materials could be transported to the project site by floating 
barge. 

d. Excavation Depths and Equipment. The basis for the proposed Dead 
Slough access channel and slough excavation is shown in table 8-2. 
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TABLE 8-2 

Basis of Dead Slough Excavation 

Elevation 

545.0 

-1. 0 

-6.0 

-=1..,_Q 

536.0 

Description 

Flat Pool 

Low Flow Regulation 

Maintain Water Depth 

12± Years Sediment Storage~/ 

Selected Excavation Bottom 

£/ An average rate of 1.0 inch per year was used as the average 
sedimentation rate for areas normally covered by water (below 
flat pool). 

All excavation for the selected plan was presented and costs were estimated 
based on common excavation equipment such as draglines, backhoes, or clamshell 
(as opposed to hydraulic dredging). This equipment must be placed on floating 
plant for excavating the Dead Slough access channel, portions of the Dead 
S1ough channel excavation, and adjacent to the riprapped weir overflow sec-
tion. Adjacent disposal reaches have been based on use of typical equipment 
of this type with normal throw/placement distances. 

An alternative to excavating the access channel and Dead Slough by floating 
plant will be further evaluated. Consideration will be given to using 
hydraulic dredging with placement in containment areas located on adjacent 
private property. Further coordination with adjacent agricultural property 
owners will proceed to effect possible alternate methods of dredged material 
placement. Construction easements will be required. 

e. Erosion Control. Riprap is proposed on both sides of the weir 
overflow section of the perimeter levee to protect against both Mississippi 
River current during overflow and also against wave erosion during high flow 
events. The governing riprap design is based on wind-generated wave erosion 
at this location. 

Riprap is also proposed in the area of the pump station for protection of pump 
embankment slopes and at the entrance of the new Dead Slough Access channel. 

An estimated width of approximately 200 feet of existing mature timber will 
remain in most reaches between the new levee and the Mississippi River to 
provide a natural buffer from Mississippi River high flood events. This 
natural undisturbed zone should adequately protect the new levee in Dead 
Slough. 

24 



Seeding will be required immediately following the diversion drainage ditch 
excavation and also on the proposed levee sections to ensure face stability 
from erosion forces. 

f. Permits. The requirements of Section 404 of the Clean Water Act will 
hP completed prior to submission of this report for final approval, including 
S€!Ction 401 Water Quality Certification. An additional Construction-in-the-
Flood Plain permit from the Illinois Division of Water Resources also will be 
required and completed prior to final submission. 

9. ENVIRONMENTAL EFFECTS. 

a. Summary of Effects. The effects of the Selected Plan are summarized 
in table 9-1. 

b. Economic and Social Impacts. 

(1) Community and Regional Growth. No significant impacts to the 
growth of the community or region will result from the project. 

(2) Community Cohesion. No adverse impacts to community cohesion 
will be noticed, due to the nature of the project and its limited area of 
influence. Since the site is managed as a fish and wildlife refuge by the 
IDOC and is located in a rural surrounding with limited recreational 
opportunities, it will result in only a slight increase in recreation 
visitation to the area. 

(3) Displacement of People. No residential relocations will be 
necessitated by the project. 

(4) Property Values and Tax Revenues. The potential value of prop-
erty at the project site could increase slightly following completion of the 
project. Since the affected property is in Federal ownership, an increase in 
its value will not increase local tax revenues. 

(5) Public Facilities and Services. The project site is federally 
owned and zoned for low density recreation. The project will positively 
impact public facilities by enhancing fish and wildlife habitat and by 
improving conditions for recreational boating. If no action is taken, 
recreational opportunities at the Refuge will be reduced and a once important 
fishery, migratory waterfowl, and furbearer area will be transformed into 
lowland brush habitat. 

(6) Life, Health, and Safety. Currently, the Andalusia Wildlife 
Refuge poses no threats to life, health, or safety of recreationists or others 
in the area. The project will not affect current conditions regarding these 
areas of concern. 
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TABLE 9-1 

Effects of the Preferred Plan on Natural and Cultural Resources 

Resource 

Air Quality 

Endangered/Threatened Species 

Habitat Type 

Bottomland Hardwoods 

Emergent/Submergent Wetlands 

Fisheries 

No effect 

No effect 

Effect 

Potential negative impacts on 50-60 
acres of bottomland within leveed 
Refuge due to inundation from water 
level management; 7.4 acres lost due 
to levee construction (5.3 acres of 
which is forested wetland), 3.7 acres 
lost due to drainage channel reloca-
tion; .78 acre at the mouth of Dead 
Slough; 2 acres from new access road. 

2.5 acres filled due to levee con-
struction; 7.2 acres in Dead Slough 
converted to deep water aquatic fr•om 
dredging; 9 acres within Refuge con-
verted to nesting islands. 

10 acres within Refuge MSMU converted 
to deep aquatic from channel dredging. 

Dredging of Dead Slough will replace 
7.2 acres of submergent/emergent with 
7.2 acres of new deepwater/backwater 
habitat and reconnect the now isolated 
slough with the main river. 

Waterfowl Greatly improved habitat for migratory 
waterfowl on 130 acres of wetland 
through improved water levAJ control. 

Floodplain No measurable increase in flood 
heights. 

Historic & Cultural Properties No effect 

Prime & Unique Farmlands No effect 

Water Quality Temporary increase in turbidity 
during construction of levee and 
channel dredging. Significantly 
improved water quality-in Dead Slough 
after construction (i.e., improved 
DO and water circulation). 
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(7) Employment and Labor Force. Project construction would slightly 
impact short-term employment in the project area. Rock Island County has a 
labor pool of large enough size to absorb project needs without noticeable 
impact. No impacts to long-term employment will result from the project. 

(8) Business and Industrial Development. · Changes in business and 
industrial activity during the after-project construction will not be noticed. 
The project will require no business relocations. 

(9) Farm Displacement. No farms will be affected by the environ-
mental enhancement project, as the project site is located entirely on 
federally owned land. 

(10) Noise Levels. No significant long-term noise impacts will 
result from the project. Heavy machinery will generate an increase in noise 
during construction. This increase would disturb recreationists in the 
immediate project vicinity. However, the project site is located in an area 
with limited residential or other types of development. 

c. Natural Resource Impacts. 

(1) Man-Made Resources. The proposed new levee will be a man-made 
resource that will be managed and maintained to provide improved resting and 
feeding habitat for migratory waterfowl. There are no existing man-made 
resources in the immediate project area, other than the 9-foot navigation 
channel project which will be unaffected. 

(2) Natural Resources. 

(a) Bottomland Forest. The most significant impact from project 
construction will be the clearing of bottomland forest for the levee right-of-
way. Approximately 7.4 acres of hardwoods along the levee alignment must be 
cleared which consists of mixed-age oak, hickory, silver maple, hackberry, 
cottonwood, and elm. The timber through which the levee passes is the only 
stand in the project area containing mast trees (i.e., oak and hickory). In 
order to minimize the loss of these trees, the levee will be placed as close 
to the shoreline of Dead Slough as possible. This shoreline alignment is also 
necessary to allow mechanical excavation of borrow material from Dead Slough. 
Approximately 4.5 acres along the relocated drainage ditch and the new Dead 
Slough entrance also will be cleared. Overall, these trees consist of less 
mature silver maple and cottonwood. Another 2 acres of mostly bottomland 
hardwoods will be cleared for the access road and power transmission line. An 
additional 50 to 60 acres of silver maple/cottonwood within the levee interior 
may be affected by artificial water level management within the Refuge. These 
tree species, however, are adapted to long periods of inundation during spring 
and fall. The severity of impact will depend primarily on the length of time 
that trees are artificially inundated during the summer growing season and the 
depth of water. 

(b) Fisheries Resources. The proposed project will reduce the 
almost annual fish kills that now occur in Dead Slough. The new deepwater 
habitat will allow ingress and egress from Dead Slough to both the Mississippi 
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River main channel and the Refuge interior for spawning and nursery habitat. 
The creation of the deepwater channels adjacent to shallow vegetated areas 
will create ideal conditions for both forage and sport fishes. This is 
important for spawning, cover, and allowing egress when refuge water levels 
are drawn down in early summer. The creation of deepwater aquatic habitat 
in a backwater area will provide a critically needed wintering habitat for 
several fish species (Bodensteiner and Sheehan, 1988). 1 The net project 
result will be increased fish populations both inside and outside the project. 

(c) Waterfowl Resources. The proposed project will create a 
reliable food supply for fall migratory waterfowl. The new levee and pump 
station will allow waterfowl biologists to manipulate water levels on 130 
acres of wetland to enhance waterfowl food production. The levee also will 
prevent 2-year flood events from destroying the food crop, significantly 
improving the Refuge's capacity to provide food and refuge. 

The configuration of the channel dredging within the leveed area will create 
several low elevation islands that will promote nesting of Canada geese. 
However, the anticipated number of geese using these islands is probably less 
than a dozen nesting pairs. 

(d) Other Wildlife. The increased deep and shallow water habitat 
will make the area more attractive to semi-aquatic mammals (i.e., muskrat, 
beaver, and possibly river otter), amphibians and reptiles (i.e., turtles, 
water snakes), and shorebirds. The loss of mast-producing trees along the 
levee alignment will decrease available food for some species (i.e., squirrel, 
deer, wood duck). 

(3) Water Quality. The water quality of Dead Slough will improve as 
a result of the project. The increased depth and reconnection of the slough 
with the main river channel will improve water circulation, dissolved oxygen, 
and decrease the rapid fluctuation of water temperature that now occurs. The 
dredging of Dead Slough will increase turbidity levels during construction. 
This will have negligible adverse effects since the existing water quality 
is poor. The relocated drainage channel will improve water quality in Dead 
Slough and the leveed area. The decrease in sediment input from this stream 
will improve water quality and prolong the project's life. A more detailed 
discussion of water quality and prolonged impacts can be found in appendix B. 

(4) Air Quality. No effect. 

(5) Endangered Species. The only observed endangered 
to occur in the immediate project vicinity is the bald eagle. 
fall and early winter, migratory eagles are frequently sighted 

species known 
During late 
along the 

1 Bodensteiner, Leo and Robert Sheehan, 1988. Implications of Backwater 
Habitat Management Strategies to Fish Populations. 43rd Annual Upper 
Mississippi River Conservation Committee Meeting, Peoria, Illinois, March 8-
10, 1988. 
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entire river in the Rock Island District. As ice cover forms on the river in 
December, the eagles concentrate in critical wintering locations near the open 
tailwaters of the locks and dams. 

Project construction may discourage use of the area by eagles during fall, 
but will have no effect on wintering eagles which utilize other wintertime 
habitats. Based on this evaluation, the project will have no effect on bald 
eagles or any other State or federally endangered species. 

(6) Wetlands. Under Corps wetland determination guidelines, any area 
below 547.0 feet MSL is wetland regulated by the Corps. Using this criterion, 
approximately 18 acres of palustrine forested, scrub-shrub, emergent, and 
aquatic bed wetland classes are common in Pool 16. This loss of wetland will 
have no significant impact on local wetland functions. Operation of the new 
levee will be filled or cleared as a result of the project. Although these 
wetlands are valuable from several perspectives, these palustrine wetland 
classes are common in Pool 16. This loss of wetland will have no significant 
impact on local wetland functions. Operation of the new levee will impose a 
more regular hydrologic regime upon the wetlands within the levee. Regular 
and consistent water level control may lead to a decrease in the diversity of 
wetland types that now exist within the levee. The extent to which this 
decreased diversity may occur will depend upon water level management and the 
variability of the substrate elevation (for example, the more uniform the 
water depth, the more likely that one wetland class will tend to dominate). 

(7) Cultural Resources. An archeological survey and geomorphological 
evaluation of the proposed project area was conducted under the direction of 
archeologist David Stanley and geomorphologist Jeffery Anderson of Bear Creek 
Archeology and Donohue and Associates, respectively, from July 23, 1988, to 
August 1, 1988. A detailed archeological and geomorphological evaluation of 
the proposed levee alignment, diversion drainage ditch, dead slough access 
channel, and access road failed to locate any significant historic properties. 
Isolated chert flakes were present in an area where the proposed access road 
crosses an alluvial fan. However, these were thought to be relocated from a 
higher elevation outside the project area. No intact cultural deposits or 
features were encountered. Based on these field results, it is the conclusion 
that the proposed Andalusia EMP project will not impact any significant 
historic properties. By letter dated September 7, 1988, the Illinois State 
Historic Preservation Officer concurred with this finding. 

(8) Relationship of the Proposed Project to Land-Use Plans. The 
present land use of the entire project area is the management of fish and 
wildlife resources. This project is compatible with this land use and is 
designated to enhance and promote these land-use plans. The USFWS also has 
determined that the proposed project is compatible with existing refuge goals 
and objectives. (See Appendix A.) 

d. Adverse Effects Which Cannot Be Avoided. The clearing of approxi-
mately 13 acres of bottomland hardwoods during construction is unavoidable. 
The possible indirect loss of SO to 60 acres of additional trees within the 
leveed area from periodic flooding may be unavoidable if the project is 
managed as intended. 
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e. Short-Term Use Versus Long-Term Productivity. The proposed project 
will improve both the short- and long-term productivity in terms of fishery 
and waterfowl habitat. The newly leveed area will provide a reliable long-
term feeding and resting refuge for waterfowl. Productive deepwater fish 
hRhitat will be constructed at the expense of locally abundant emergent 
WPl land otcasionally used as fish spawning habitat by some species. 

f. Irreversible or Irretrievable Resource Commitments. Aside from the 
commitment of funds, labor, and construction materials, there will be no 
permanent loss of natural resources except for the loss of forest and wetland 
replaced by the project. 

g. Compliance with Environmental Quality Statutes. The proposed project 
complies with all applicable laws and regulations listed in table 9-2. 

10. SUMMARY OF PROJECT ACCOMPLISHMENTS. 

The proposed project will benefit three major areas: improve water quality by 
reducing sedimentation in the project area; increase the quantity and quality 
of reliable waterfowl habitat; and increase fishery habitat. 

Construction of the diversion ditch will reduce the present sediment load into 
the area by approximately 15 percent. This reduction will increase the water 
quality in the Dead Slough area by reducing suspended solids and agricultural 
runoff chemicals. 

Construction of the moist soil unit with accompanying water level control 
will provide a reliable resting and feeding area for migrating waterfowl. 
The MSMU will not only provide a readily available food source in existing 
open areas, but also an additional food source within the inundated "green 
tree" portion of the unit. Without implementation of the proposed project, 
migrating waterfowl will not have reliable resting and feeding areas along 
this reach of the river for approximately 70 miles. The present usage of 
approximately 2,000 waterfowl use days should significantly increase due to 
the project. 

The proposed levee construction will prevent most fall floods from entering 
the MSMU. With the provision of the pwnp station and the levee system, 
waterfowl biologists will have the capability to manipulate water levels for 
optimum waterfowl support on approximately 130 acres of prime Refuge lands. 

Aquatic habitat will be improved by providing year-round access to Dead 
Slough. Dead Slough experienced increasing nwnbers of fish kills due to 
low dissolved oxygen. The proposed project should eliminate these conditions 
by connection to the main river and by providing deeper channel areas. The 
construction of the deep water channels adjacent to the shallow vegetated 
areas of Dead Slough will provide ideal conditions for both forage and sport 
fishes. The construction of deeper channels in the backwater area of the 
river will provide critically needed wintering habitat for several fish 
species. 
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TABLE 9-2 

Compliance of the Selected Plan with WRC-
Designated Environmental Statutes 

Federal Policies 

Archaeological and Historic Preservation Act, 
16 U.S.C. 469, et seq. 

Clean Air Act, as amended, 42 U.S.C. 1857h-7, 
et seq. 

Clean Water Act (Federal Water Pollution 
Control Act) 33 U.S.C. 1251, et seq. 

Coastal Zone Management Act, 16 U.S.C. 1451, 
et seq. 

Endangered Species Act, 16 U.S.C. 1531, et seq. 

Estuary Protection Act, 16 U.S.C. 1221, et seq. 

Federal Water Project Recreation Act, 16 U.S.C. 
460-1(12), et seq. 

Fish and Wildlife Coordination Act, 16 U.S.C. 
1401, et seq. 

Marine Protection Research and Sanctuary Act, 
33 U.S.C. 1401, et seq. 

National Environmental Policy Act, 42 U.S.C. 4321, 
et seq. 

National Historic Preservation Act, 16 U.S.C. 470a 
et seq. 

Rivers and Harbors Act, 33 U.S.C. 403, et seq. 

Watershed Protection and Flood Prevention Act, 
16 U.S.C. 1001, et seq. 

Wild and Scenic Rivers Act, 16 U.S.C. 1271, 
et seq. 

National Farmland Protection Policy Act, 7 U.S.C. 
4201, et seq. 
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Compliance 

Full compliance 

Full compliance 

Full compliance 

Not applicable 

Full compliance 

Not applicable 

Full compliance 

Full compliance 

Not applicable 

Full compliance 

Full compliance 

Full compliance 

Full compliance 

Not applicable 

Full compliance 



11. OPERATION, MAINTENANCE, REPAIR, AND REHABILITATION CONSIDERATIONS. 

a. Project Data Summary. Table 11-1 presents a summary of project data. 

b. Operation. The estimated costs for operation, maintenance, repair, 
anrl rehabilitation of the selected plan are presented in table 13-2. 

The gate of the pump station and the water control structure should be 
operated in an open position, except during periods of MSMU management by IDOC 
personnel. During desired drawdown periods, the gate of the water control 
structure and the pump station should be closed and the pump station activated 
for drawdown purposes. The pump station must be manually activated but will 
automatically turn off at a low water level of 542.0 MSL. During drawdown 
periods, the pump station will automatically turn on at elevation 542.5 MSL 
to maintain the 542.0 drawdown elevation. 

After drawdown has occurred and once vegetation has been established in the 
MSMU, either adjacent tributary inflow, seepage, or opening of the water 
control structure gate or the pump station gate will allow water into the MSMD 
area. Use of gates should be controlled to achieve desired water levels 
consistent with vegetative growth. 

When it is desired to pump from the river into the MSMU, the station must be 
manually activated and will continue pumping automatically until elevation 
SL17.0 MSL (which can be adjustable to elevation 550.8, the elevation of the 
levee overflow). It is anticipated that ponding levels higher than elevation 
547.0 will cause damage to adjacent agricultural fields during crop growing 
seasons. Coordination between the IDOC and adjacent property owners during 
non-crop season may be effected to realize higher MSMU elevations than 547.0. 
The highest MSMU elevation of 550.8 MSL will occur when water reaches the 
elevation of the overflow weir. 

During periods of drawdown and when river events reach elevation 550.0 MSL 
with predicted stage to increase, the gates of the water control structure and 
the station should be opened in efforts to fill the interior of the levee 
without overtopping. Should the river stage exceed 550.8 MSL prior to filling 
using the existing water control structure and pump station conduits, the 
remainder of overflow will occur by means of a riprapped overflow weir 
station. 

The Rock Island District will prepare an operation and maintenance manual for 
the IDOC during the design phase. 
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TABLE 11-1 

Andalusia Refuge Project Data Summary of Proposed Features 

Perimeter Levee 

Embankment fill 
Length 
Crown elevation 

Side slopes 

Armored overflow 
levee section 

Length 
Overflow elevation 

Riprap 

Diversion Drainage Ditch 

Approximate length 
Average width 
Average depth 
Bottom slope 
Watershed area 
Capacity of channel 

122,000 
8,600 
552.8 

552.8 to 
551. 8 

550.8 

551. 8 

4:1 

4:1 

600 
550.8 

3,370 

2,430 
30 

3 
.0025 
1,152 

340 
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Cubic Yards 
Feet 
Station 12+21C to 

Station 11+00 

Varies from Station 11+00 
to Station 24+17CE 

From Station 25+17CE 
to Station 29+17CE 

From Station 30+17CE 
to Station 34+50CE 

Horizontal to vertical 
from Station 12+21C 
to 8+00CE. Slopes 
flattened for over-
flow and soft material 
placement purposes 

From Station 9+00CE 
to Station 34+50CE 

Feet 
MSL 

Tons 

Feet 
Feet 
Feet 
Foot per foot 
Acres 
CFS (2-year 
precipitation event) 



TABLE 11-1 (Cont'd) 

Dead Slough Channel Excavation 

Adjacent to Levee 
Approximate length 
Width at bottom 
Bottom elevation 
Volume of excavation 

River Access Excavation 
Approximate length 
Width at bottom 
Bottom elevation 
Volume of excavation 

4,500 
60 

536.0 
87,000 

1,100 
30 

536 
23,000 

Refuge Drainage/Island Construction 

Interior drainage 
with islands 

Length 
Width 
Bottom elevation 
No. of islands 
Area of an 

island above 
elevation 
545.0 

Interior drainage for 
adjacent levee 
borrow 

Length 
Width at bottom 
Bottom elevation 

Pump Station 

Submersible pumps 
Emptying pump 
Filling pump 

Sluice gate 

Operating elevations 
Refuge max. elevation 
Refuge min. elevation 
Sump floor elevation 
Equipment floor 

elevation 

8,600 
40 

542.0± 
8 

9.0 

2,300 
20 

536.0 

1 
1 

1 

550.8 
542.0 
539.5 

560.0 
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Feet 
Feet 
MSL 
CY 

Feet 
Feet 
MSL 
CY 

Feet 
Feet 
MSL 
Each 

Acres 

Feet 
Feet 
MSL 

Each: 5,000 gpm at 14.3 TDH 
Each: 3,500 gpm at 7.8 TDH 

Each: 3 feet x 3 feet 

MSL (overflow elevation) 
MSL 
MSL 

MSL (100-year Mississippi 
River event) 



Electric power source 
Primary supply 
Secondary station 

supply 
Transformer size 
Power converter 

Trash racks 
upper and lower ends 

Water Control Structure 

Sluice gate 
Invert 

Access Road 

Approximate length 
Width 

TABLE 11-1 (Cont'd) 

7,620 

480/277 
37.5 
37.5 

2 

1 
542.0 

3,600 
12 

Volts, 1 phase 

Volts, 1 phase 
KVA, 1 phase 
KVA, 3 phase 

Each 

Each: 3 feet x 3 feet 
MSL 

Feet 
Feet, with crushed stone 
surface 

c. Maintenance, Repair and Rehabilitation. The proposed features have 
been designed to ensure low annual maintenance requirements with the estimated 
annual maintenance, repair, and rehabilitation costs presented in table 13-2. 
These quantities and costs may change during final design. The principal 
maintenance features consist of levee inspection, mowing, diversion ditch 
cleanout, levee repair as needed, riprap replacement, and pump station 
maintenance. 

12. POST-CONSTRUCTION PERFORMANCE MONITORING. 

Post-construction performance evaluation/monitoring by the IDOC will be 
described in detail in the Operation and Maintenance Manual. A summary of 
post-construction performance is presented in table 12-1. This qualitative 
evaluation will be completed and submitted by the IDOC annually. Physical, 
chemical, and biological monitoring parameters are presented in table 12-2, 
with entries completed and submitted by the IDOC as shown. Measurement 
intervals shown are minimums and may be performed more often by the IDOC as 
necessary to reflect appropriate changes. Established sedimentation ranges 
which are defined and reproducible traverses are shown on plates 23, 24, and 
25. 
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TABLE 12-1 

Post-Construction Performance Monitoring 

Project Objectives 

Enhance migratory 
waterfowl habitat 

Enhance aquatic 
habitat 

Decrease/retard 
Refuge sedimentation 

Standard 

Increase migratory 
waterfowl vegetation. 

Increase waterfowl 
resting and loafing area. 

Increase waterfowl usage. 

Increase volume of 
aquatic habitat. 

Ensure year-round 
aquatic habitat access 
to river/deep water. 

Increase water quality 
within project. 

Increase fish usage. 

Decrease adjacent 
tributary sediment load 
into project area. 
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TABLE 12-2 

Suggested Physical, Chemical, and Biological Monitoring Plan 

Project Objectives 

Enhance migratory 
waterfowl habitat 

Enhance aquatic 
habitat 

Decrease/retard 
Refuge sedimentation 

13. COST ESTIMATES. 

Monitoring Plan 

Perform waterfowl inventories 
during migration to assess effects 
of the MSMU 

Perform vegetation inventories by 
elevation by time of year within 
the MSMU to assess effects of the 
pump station and to optimize MSMU 
management. 

Perform other monitoring as needed. 

Identify dissolved oxygen concen-
trations during critical seasons 
at fixed stations to verify Dead 
Slough excavation effectiveness. 

Perform soundings of excavated 
Dead Slough access and channel 
excavation to provide estimates 
of channel sloughing. 

Perform fishery inventories to 
assess effects from excavation of 
Dead Slough. 

Perform other monitoring as needed. 

Establish base sedimentation ranges 
in the project area and perform 
sedimentation measurements at same 
ranges to assess effects of the 
proposed project. 

Perform other monitoring as needed. 

Measurement 
Interval 

(Years) 

2 

2 

1 

5 

2 

5 

A detailed estimate of initial construction costs is presented in table 13-1. 
A detailed estimate of operation, maintenance, repair, and rehabilitation 
costs is presented in table 13-2. Quantities may vary during final design and 
construction. 
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TABLE 13-1 

Andalusia Refuge Initial Construction Detailed Estimate of Cost 
(July 1988 Price Levels) 

Item 

Perimeter Levee 
Clearing/grubbing 
Embankment fill 
Bedding 
Riprap 
Seeding 

Existing Ditch Relocation 
Clearing/grubbing 
Excavation 
Seeding 

Dead Slough Improvement 
Clearing/grubbing 
Excavation for adjacent 

levee 
Excavation for river access 
Seeding 

Refuge Improvement 
Excavation with side cast 

Placement for islands 
Excavation for adjacent 

levee 

Pump Station 
Civil/site work 
Pumps, motor, control, 

gates 
Overhead power supply 

Water Control Structure 
Between Dead Slough and 

Refuge 

Access Road 
Clearing/grubbing 
Excavation 
Embankment fill 
crushed stone surface 
Riprap 

Subtotal 
Contingencies 

Quantity 

10 
122,000 

1,120 
3,370 

10 

4 
11 , 700 

4 

87,000 
23,000 

0.5 

48,000 

27,000 

2 
3,000 
4,100 
1,240 

825 

Engineering and Design 
Supervision and Administration 

TOTAL PROJECT 

38 

AC 
CY 
TN 
TN 
AC 

AC 
CY 
AC 

AC 

CY 
CY 
AC 

CY 

C.Y 

JOB 

JOB 
JOB 

JOB 

AC 
CY 
CY 
TN 
TN 

Unit 
Cost ( $) 

3,175.00 
2.50 

22.00 
24.0 

1,650.00 

3,175.00 
3.00 

1,650.00 

3,175.00 

3.00 
5,00 

1,650.00 

3.00 

3.00 

SUH 

SUH 
SUH 

SUH 

3,175,00 
3.00 
3.00 

14,00 
24.00 

Total 
Cost ( $) 

31,750 
305,000 

24,640 
80,880 
16,500 

458,770 

12,700 
35,100 
6,600 

54,400 

3,175 

261,000 
115,000 

825 
380,000 

144,000 

81,000 
225,000 

195,000 

45,000 
15,000 

255,000 

45,000 

6,350 
9,000 

12,300 
17,360 
1.iJ!QQ 
64,810 

1,482,980 
• 274,020 

1,757,000 

217,000 
121,000 

$2,095,000 



TABLE 13-2 

Andalusia Refuge Estimate of Annual Operation, 
Maintenance, Repair, and Rehabilitation Costs 

(July 1988 Price Levels) 

Item Quantity 

Operation§./ 

Pump station energy 

Gate operation 

Performance monitoring 

Subtotal-Operation 

12,000 

20 

40 

Maintenance, Repair, and Rehabilitation 

Levee inspection 40 

Levee mowing (4 mowings 32 
per year) 

Diversion ditch cleanout 267 

Levee repair and rehabilitation 130 

Riprap replacement 33 

Access road crushed stone 10 

Pump station maintenance 80 
(debris and sediment removal, 
mechanical/electrical) 

Unit 

kWh 

Hr 

Hr 

Hr 

AC 

CY 

CY 

TN 

TN 

Hr 

Subtotal-Maintenance, Repair, and Rehabilitation 

Subtotal 
Contingencies 

Total per year 

£! Natural seeding for plant establishment assumed. 
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Unit 
Cost ($) 

.10 

17.00 

30.00 

17.00 

30.00 

3.00 

6.00 

24.00 

20.00 

30.00 

Tot ,l I 
Cost. ($) 

1,200 

340 

1,200 

2,740 

680 

960 

801 

780 

792 

200 

2,400 

6,613 

9,353 
2,047 

$11,400 



14. REAL ESTATE REQUIREMENTS. 

a. General. All project features are located on Corps of Engineers-owned 
General Plan lands. These lands are managed under a Cooperative Agreement 
between the Department of Interior, USFWS, and the Corps of Engineers dated 
February 14, 1963. Management of these project lands is administered by the 
TDOC under a third party Cooperative Agreement between the USFWS and IDOC. 

b. Local Cooperation Agreements/Cost-Sharing. Funds for the initial 
construction of the proposed project are proposed for 100 percent Federal 
funding. The Andalusia Refuge project is part of the Mark Twain National 
Wildlife and Fish Refuge system. The Water Resources Development Act of 1986 
(Public Law 99-662) is the basis for the first cost Federal funding and 
provides: 

Section 906. FISH AND WILDLIFE MITIGATION 

(e) ... the first cost of such 
enhancement shall be a Federal 
cost when - such activities 
are located on lands managed 
as a national wildlife refuge. 

A local cooperation agreement is required with the IDOC for operation, 
maintenance, repair, and rehabilitation of the project features. A draft 
local cooperation agreement has been included in this report as Appendix C. 
Estimated operation, maintenance, repair, and rehabilitation costs are 
presented in table 13-2. 

c. Construction Easements. Minor easements may be required for con-
struction from the existing county highway or local privately owned farm 
accesses to facilitate access to the construction site. Additional con-
struction easements may be required if adjacent agricultural landowners agree 
to accept dredged material on their lands. Construction easements with such 
parties will be obtained for construction prior to contract advertisement. 

15. SCHEDULE FOR DESIGN AND CONSTRUCTION. 

Table 15-1 presents a schedule of project completion steps. 

16. IMPLEMENTATION RESPONSIBILITIES AND VIEWS. 

a. Corps of Engineers. The Corps of Engineers, Rock Island District, is 
responsible for project management and coordination with the USFWS, the IDOC, 
and other affected agencies. The Rock Island District will prepare and submit 
the subject DPR; program funds; finalize plans and specifications; complete 
all National Environmental Policy Act requirements; advertise and award a 
construction contract; and perform construction contract supervision and 
administration. 
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TABLE 15-1 

Project Implementation Schedule 

Requirements 

Submission of Draft Definite Project 
Report (DPR) to Corps of Engineers, 
North Central Division and participating 
agencies for Review 

Formal Distribution of DPR for public and 
agency review 

Submit final and public reviewed 
DPR to North Central Division 

Receive plan and specification funds 

Obtain construction approval and 
approval of draft local cooperation 
agreement for execution by Assistant 
Secretary of the Army (Civil Works) 

Initiate acquisition of real estate 
permits and execution with State of 
Illinois of local cooperation agreement 

Submit local cooperation agreement signed 
by the non-Federal sponsor to the Office 
of the Chief of Engineers for execution 
by the Assistant Secretary of the Army 
(Civil Works) 

Submit final plans and specifications 
to North Central Division for review 
and approval and to participating 
agencies for review 

Obtain real estate permits 

Obtain approval of the local 
cooperation agreement by Assistant 
Secretary of the Army (Civil Works) 

Obtain approval of the plans and 
specifications 

Advertise contract 

Complete construction 

41 

Scheduled Date 

Sep 88 

Nov 88 

Jan 89 

Feb 89 

Mar 89 

Apr 89 

May 89 

May 89 

Jun 89 

Jun 89 

Jun 89 

Jul 89 

Dec 90 



b. U.S. Fish and Wildlife Service. The USFWS should ensure that all 
proposed features are compatible with Refuge objectives and management 
strategies. 

r.. Illinois Department of Conservation. The IDOC is responsible for 100 
JJ' n:<,nt operation, maintenance, repair, and rehabilitation costs as estimated 
111 tnhle 13-2. A local cooperation agreement must be executed between the 
Government and the IDOC prior to initiation of construction contract adver-
tisement proceedings. The IDOC has volunteered to assume 100 percent of the 
annual OMRR costs. 

17. COORDINATION, PUBLIC VIEWS, AND COMMENTS. 

a. Coordination Meetings. Close coordination between Corps of Engineers, 
USFWS, and IDOC personnel was effected during the planning period. A listing 
of meetings follows: 

(1) November 29, 1986 - Onsite meeting to discuss project objectives 
and scope. 

(2) March 4, 1987 - Meeting at Rock Island District, Corps of 
Engineers, to further scope project and define objectives. 

(3) February 4, 1988 - Meeting at Rock Island District, Corps of 
Engineers, to discuss/coordinate preliminary DPR. 

(4) June 29, 1988 - Meeting at Rock Island District, Corps of 
Engineers, an onsite review of proposed project features and proposed timber 
clearing practices. 

b. Environmental Review Process. This project meets the requirements 
of the National Environmental Policy Act, as evidenced by the Environmental 
Assessment, which is an integral part of this report, and Finding of No 
Significant Impact. 

18. CONCLUSIONS. 

Andalusia Refuge has been recommended to the Corps of Engineers, Rock Island 
District, by various inter-agency coordination committees for priority 
inclusion into the Environmental Management Program. With proposed project 
features in place, the Refuge will enhance migratory waterfowl habitat by 
providing an increased food source within a reliable water-control unit and 
will improve aquatic fisheries. The Refuge is ideally sited in Po61 16 as 
a resting area for Mississippi River flyway waterfowl. 

Sedimentation from both adjacent watersheds and the river has been the 
principal cause of the general waterfowl and fishery habitat degradation. 
Sedimentation has converted a former backwater fishery in Dead Slough into 
a shallow, land-locked area with no present fishery. 
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Alternative B (130-acre MSMU protected by 2-year levee), Alternative E 
(adjacent watershed flow and sediment diversion), Alternative 6 (Dead Slough 
aquatic improvement), and Alternative H (Refuge drainage/island construction) 
all meet project objectives and are compatible with Refuge management 
objectives. 

19. RECOMMENDATIONS. 

I have weighed the accomplishments to be obtained from this environmental 
enhancement project against its cost and have considered the alternatives, 
size, and scope of the proposed project. In my judgement, the proposed 
project is a justified expenditure of Federal funds. I recommend that the 
Secretary of the Army approve construction of a 130-acre Moist Soil Management 
Unit, protected by a 2-year levee, adjacent watershed flow and sediment 
diversion, Dead Slough aquatic improvement, and Refuge drainage/island 
construction for habitat rehabilitation and enhancement of Andalusia Refuge in 
Rock Island County, Illinois. The total estimated Federal construction cost 
of the habitat project is $1,870,000, which amount would be a 100 percent 
Federal cost according to Section 906(e)(3) of Public Law 99-662. I further 
recommend that funds in the amount of $24,000 be allocated as quickly as 
possible for the preparation of plans and specifications. 

20. FINDING OF NO SIGNIFICANT IMPACT. 

Having reviewed the information contained in this environmental assessment, 
I find that construction of the Andalusia Refuge Habitat Rehabilitation and 
Enhancement project will have no significant adverse impacts on the environ-
ment. This project is not a major Federal action and, therefore, preparation 
of an Environmental Impact Statement (EIS) is not required. This determina-
tion may be reevaluated if warranted by later developments. Factors that were 
considered in making this determination were: 

a. The project will significantly improve the quality of fish and 
wildlife habitat. 

b. Aside from the loss of bottomland forest and wetland, this project 
will have negligible adverse impacts on aquatic and terrestrial resources. 

c. Public review of this document has resulted in no significant adverse 
comments. 

Date 
Neil A. Smart 
Colonel, U.S. Army 
District Engineer 

43 



A 

p 

p 

E 

CORRESPONDENCE N 

D 

I 

X 

A 



Letter 

UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT 
WITH INTEGRATED ENVIRONMENTAL ASSESSMENT 

ANDALUSIA REFUGE 
REHABILITATION AND ENHANCEMENT 

POOL 16, MISSISSIPPI RIVER MILES 462 THROUGH 463 
ROCK ISlAND COUNTY, ILLINOIS 
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Illinois Department of Conservation 
life and land together 

LINCOLN TOWER PLAZA • 524 SOUTH SECOND STREET• SPRINGFIELD 62701-1787 
CHICAGO OFFICE • ROOM 4-300 • 100 WEST RANDOLPH 60601 
Michael B. Witte, Director • James C. Helfrich, Assistant Director 

April 17, 1986 

District Engineer 
U.S. Army Engineer District, Rock Island 
ATTN: Planning Division, PD-R 
Clock Tower Building - P.O. Box 2004 
Rock Island, IL 61204-2004 

Dear Sirs: 

Enclosed is the appendix for the engineering and design 
of the proposed project at Andalusia Refuge to be part of 
the Upper Mississippi River System-Environmental Management 
Program. 

If you have any questions or require further information, 
please contact me. 

Sincerely, 

1JJ~ 1-J)~ 
William R. Donels 
Landscape Architect 
Division of Planning 

WRD:sm 
Encl. 

cc: Gary McCandless 
Bi 11 Bertrand 
Bob Thornberry 
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INTRODUCTION 

Project Authority 

UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

GENERAL PLAN APPENDIX 
FOR ENGINEERING AND DESIGN 

Andalusia Refuge 
Pool 16, Upper Mississippi River 

Rock Island County, Illinois 

The 1985 Supplemental Appropriations Act (Public Law 99-88) provides 
authorization and appropriations for an environmental management program 
for the Upper Mississippi River system that includes fish and wildlife 
habitat rehabilitation and enhancement. The proposed project would 
be funded under this authorization. 

Project Location 

Within the Upper Mississippi Wildlife and Fish Refuge between river 
mile 462 and 463, immediately south of Dead Slough and north of Illinois 
City are 256 acres managed by the State of Illinois, Department of 
Conservation (see attachment). 

Resource Problems and Opportunities 

Presently, there are no lo1;J water control systems located in Pool 16. 
The construction of a low water control structure system would greatly 
enhance habitat and its management. The lack of shallow water habitat 
with submergent/emergent aquatic plants has adversely affected 
waterfowl, furbearer and fisheries resources within this pool of the 
Mississippi River. 

Proposed Solution 

The proposed project would involve repair of an existing levee and 
construction of two additional low water leveed about 7,200 1 which 
would tie into high ground along the south edge of the impoundment 
to provide 130 acres of refuge area. It would include two 12 11 water 
control structures and some associated ditching that would accommodate 
portable pumps. 

PROJECT REQUIREMENTS 

Estimated Engineering and Design Cost 

Estimated engineering and design costs for this project are $43,000 
broken down as follows: 

1. Dike condition, topographic and soils surveys 
2. Design of structures 
3. Coordination, environmental documentation & review 
4. Tota 1 

$ 8,000 
17,000 
18,000 

$43,000 

The engineering and design costs would be 100 percent Federal because 
the project is on the Upper Mississippi Wildlife and Fish Refuge and 
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because the project's primary purpose is habitat improvement for 
migratory waterfowl. 

The Illinois Department of Conservation has estimated project 
implementation costs to be $185,000. This cost estimate would be 
refined during the engineering and design phase. 

Compliance with the National Environmental Policy Act of 1969 and 
other environmental laws and regulations would be documented during 
the engineering and design phase. 

Project Participants 

The primary project participants would be the Illinois Department 
of Conservation, U.S. Fish and Wildlife Service and the Corps of 
Engineers. 

Project Schedule 

It is estimated that the engineering and design phase of this project 
could be completed within 6 months following receipt of funds. 

RECOMMENDATION 

I recommend that the Secretary of the Army provide $43,000 for 
engineering and design for the Guttenberg Fish Pond project under 
the Upper Mississippi River System Environmental Management Program. 

William C. Burns 
Colonel, Corps of Engineers 
District Engineer 
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Illinois Department of Conservation 
life and land together 

LINCOLN TOWER PLAZA • 524 SOUTH SECOND STREET • SPRINGFIELD 62701 I ;-,_\7 
CHICAGO OFFICE • ROOM 4-300 • 100 WEST RANDOLPH 60601 
Michael B. Witte, Director • James C. Helfrict1. Assist.:rnl Director 

December 15, 1986 

District Engineer 
U.S. Army Engineer District, Rock Island 
ATTN: Planning Division, PD-R 
Clock Tower Building 
P.O. Box 2004 
Rock Island, Illinois 61204-2004 

Dear Sirs: 

Enclosed for your information is our revised Andalusia Refuge Project Scope 
for the Environmental Management Program. The changes made in this scope 
reflect the discussions our field staff had with your staff and the U.S. 
Fish & Wildlife Service staff about what we hope to accomplish at the 
refuge. 

I have also included an estimated project requirement list we utilized to 
aid us in the development of this scope. Should you have any questions do 
not hesitate to call us. 

Sincerely, 

V)~~-~ 
William R. Donels 
Landscape Architect 
Division of Planning 

BD:mib 

cc: Gary McCandless 
Bob Thornberry 
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INTRODUCTION 

Project Authority 

UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

GENERAL PLAN APPENDIX 
FOR ENGINEERING AND DESIGN 

Andalusia Refuge 
Pool 16, Upper Mississippi River 

Rock Island County, Illinois 

The 1985 Supplemental Appropriations Act (Public Law 99-88) provides 
authorization and appropriations for an environmental management program 
for the Upper Mississippi River system that includes fish and wildlife 
habitat rehabilitation and enhancement. The proposed project would be 
funded under this authorization. 

Project Location 

Within the Upper Mississippi Wildlife and Fish Refuge between river mile 
462 and 463, imnediately south of Dead Slough and north of Illinois City 
are 256 acres managed by the State of Illinois, Department of Conservation 
(see attachments 1 and 2). 

Resource Problems and Opportunities 

Presently, there are no low water control systems located in Pool 16. 
The construction of a low water control structure system would greatly 
enhance habitat and its management. The lack of shallow water habitat 
with submergent/emergent aquatic plants has adversely affected waterfowl, 
furbearer, and fisheries resources within this pool of the Mississippi 
River. 

Proposed Solution 

The proposed project would involve repair of an existing levee and 
construction of two additional low water levees about 7,200 feet long 
which would tie into high ground along the south edge of the impoundment 
to provide 130 acres of refuge area. It would include two 30-inch water 
control structures and some associated ditching that would accommodate 
portable pumps. 
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PROJECT REQUIREMENTS 

Estimated Engineering and Design Cost 

The estimated costs for the engineering and design project are: 

Hydraulic Analysis 
Surveying 
Engineering and Design 
Procurement 
Environmental Assessment 
Coordination/Project Preparation 

Total 

$ 2,500 
8,000 

17,000 
2,500 
2,000 
7,500 

$39,500 

The engineering and design costs would be JOO-percent Federal because the 
project is on the Upper Mississippi Wildlife and Fish Refuge and because 
the project's primary purpose is habitat improvement for migratory water-
fowl. 

The Illinois Department of Conservation has estimated project implementa-
tion costs to be $280,000. This cost estimate would be refined during the 
engineering and design phase. 

Compliance with the National Environmental Policy Act of 1969 and 
other environmental laws and regulations would be documented during the 
engineering and design phase. 

Project Participants 

The primary project participants would be the Illinois Department of 
Conservation, U.S. Fish and Wildlife Service, and the Corps of Engineers. 

Project Schedule 

It is estimated that the engineering and design phase of this project 
could be completed within 6 months following receipt of funds. 

RECOMMENDATION 

I recommend that the Secretary of the Army provide $39,500 for engineering 
and design for the Andalusia Refuge project under the Upper Mississippi 
River System Environmental Management Program. 

William C. Burns 
Colonel, Corps of Engineers 
District Engineer 



ATTACHMENTS 

1. General Area Map 
2. Project Area Map 
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Mississippi River, Illinois Department of Conservation 
Proposed habitat enhancement project. 



,, 
I 

0 W A 
JSCATIN( COUNTY 

K.~1 
•----• e/l.;~1,;,,, lev~ 
• • • • e • rrorc,"'e,:/ 1~1Nte. 

Attachment 2 - Andalusia Refuge 
Proposed low levee extensions for shallow water habitat. 

A-11 



DEPARTMENT OF THE ARMY 
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Illinois Department of Conservation 
life and land together 

LINCOLN TOWER PLAZA • 524 SOUTH SECOND STREET • SPRINGFIELD 62701-· 
CHICAGO OFFICE • ROOM 4-300 • 100 WEST RANDOLPH 60601 
MARK FRECH, DIRECTOR 

Colonel Neil A. Smart 
U.S. Army Engineer District, Rock Island 
Clock Tower Building 
P.O. Box 2004 
Rock Island, Illinois 61204-2004 

Attention: Dudley M. Hanson 

Dear Colonel Smart: 

October 8, 1987 

With this letter of intent, I wish to commit the Department to operation and 
management of the Andalusia Refuge project, currently programmed in the Environ-
mental Management Program for the Upper Mississippi River System and identified 
in the Second Annual Addendum and located on Upper Mississippi River Fish and 
Wildlife Refuge/General Plan land between river miles 462 and 463 of Pool 16, 
south of Dead Slough and north of Illinois City, in accordance with Section 
906(e) of the 1986 WRDA. 

The federal project includes upgrading a natural levee and constructing two 
additional low water levees, totaling about 7,200 feet in length, which tie into 
high ground along the south edge of the proposed impoundment. It also includes 
two 30-inch water control structures, a pump and associated ditching, dredging 
portions of Dead Slough for deep water fish habitat and rerouting a small 
tributary. 

Upon final acceptance, the Department of Conservation will assume operation and 
management of the moist soil management area to provide submergent and emergent 
vegetation habitat for nesting, resting and shallow water feeding by migrating 
waterfowl. Departmental operation and management will include operation and 
maintenance of the pumps and water control structures, maintenance of the levee 
system, and general site management typical of a wildlife refuge. 

My staff looks forward to working with your office in completing the project at a 
reasonable cost. 

BD:mib 

cc: Don Vonnahme 
John Comerio 

Sincerely, 

Mark Frech 
Director 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 
JtOCK ISlAND FIElD OFFICE (ES) 

1830 Second Annuc, Second Floor 
Jtoc:k bland, Illinois 6UOI 

IN REPLY REPER TO: 

COM: 309/793-5800 
FTS: 386-5800 

August 4, 1988 

Colonel Neil A. Smart 
District Engineer 
U.S. Army Engineer District 

Rock Island 
Clock Tower Building, P.O. Box 2004 
Roe.Jc Island, Illinois 61204-2004 

Dear Colonel Smart: 

This constitutes our draft Fish and Wildlife Coordination Act 
report on the Andalusia Refuge Habitat Rehabilitation and 
Enhancement Project, a component of the Upper Mississippi River 
System Environmental Management Program (EMP). The EMP is 
authorized by the 1985 Supplemental Appropriation Act (Public Law 
99-88) and Section 1103 of the Water Resources Development Act of 
1986 (Public Law 99-662). The authority for this report is 
contained in Section 2 of the Fish and Wildlife Coordination Act 
of 1958 (Public Law 85-624). 

PROJECT DESCRIPI'ION 

The proposed project consists of construction of a levee 
approximately 8,600 feet in length and up to 110 feet in base 
width. The structure would provide protection from a 2-year 
flood event to 130 ac~es of the refuge, and would provide water 
level control to the protected area. A pump station with a 
capacity of 10 cubic feet per second would provide capability to 
increase or decrease water levels on the area in conjunction with 
a management plan. Approximately 110,000 cubic yards of material 
for the levee would be dredged from Dead Slough on the riverward 
side of the alinement. An additional 48,000 acres of material 
will also be obtained for the structure from the area to be 
protected. The dredging will result in 5,400 feet of channel in 
Dead Slough and 5,100 feet of channel in the protected portion of 
the refuge. The configuration of channel in the protected area 
will be designed to provide approximately nine acres of habitat 
divided among six or more islands, and to facilitate drawdown of 
water levels. Control structures in the levee would provide 
egress for fish trapped in the leveed area by flood events. The 
Dead Slough channel will be opened to Scisco Chute (thence to the 
main river) in order to provide ingress and egress for fish. The 
design of the above features is shown on plates 9 through 12 of 
the Corps' main report. 
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Andalusia Refuge is located on lands acquired by the Corps of 
Engineers (Corps) in the 1930's for the Mississippi River 
Navigation Project. By 1958 management of approximately 67,000 
acres of the project between Muscatine, Iowa, and St. Louis, 
Missouri, had been transferred to the U. s. Fish and Wildlife 
Service (Service) by general plan and cooperative agreement. 
About 17,000 acres of these lands have been designated as the 
Mark Twain National Wildlife Refuge. The remaining 50,000 acres, 
including the Andalusia Refuge site, have been made available to 
the adjacent States for wildlife purposes. 

The 320-acre Andalusia Refuge is located at approximate River 
Mile 462 in Pool 16, and is managed by the Illinois Department of 
Conservation under cooperative agreements with the Service and 
the Corps. The primary objective of the refuge is to provide 
feeding and resting habitat for waterfowl and other migratory 
birds. In that regard, the site is currently the only wildlife 
management area between the Princeton Wildlife Area at River Mile 
507 (managed by the Iowa Department of Natural Resources), and 
the Louisa Unit of the Mark Twain National Wildlife Refuge at 
River Mile 410. 

FISH DD WILDLIFE RESOURCES 

The fisheries resources at Andalusia Refuge consist largely of 
catfish, carp and buffalo in Dead Slough. High water conditions 
in Pool 16 temporarily produces conditions that attract bass and 
other important species to the area. However, sedimentation over 
the years has reduced normal water depths in the slough to the 
point that the habitat is choked with duck weed, coontail and 
similar species. Summer low water levels often result in reduced 
diss·o1ved oxygen content that can result in fish kills. The 
slough no longer has an opening to the river except during high 
water periods, resulting in fish being trapped in the backwater. 
Boat access for fishermen is also limited to high water periods. 

The terrestrial resources on the refuge consist of 236 acres of 
cottonwoods, silver maple and willow surrounding approximately 
150 acres of marsh landward of Dead Slough. The habitat values 
of the marsh have been greatly reduced over time by sediments 
accumulating from the uplands adjacent to the refuge. The value 
of the area to migratory waterfowl, particularly in the fall, is 
dependant upon the water levels in the Mississippi River. It is 
not uncommon for fall flood events to inundate a good crop of 
important food plants to depths that render the area unattractive 
to most waterfowl species. The excessively shallow summer water 
depths usually results in less than optimum nesting conditions 
for wood ducks, mallard and teal. Shallow water also contributes 
to nest predation during the breeding season, because predator 
access to nest sites is easier. 
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The timber on the refuge does not contain a large percentage of 
mast producers. However, there are areas consisting of older 
stands of cottonwood, maple and associated species that provide 
important nesting and feeding habitat for a variety of migratory 
birds. This type of habitat requires a long period of time to 
develop, and therefore protection of older timber stands is an 
important component of the Mark Twain National Wildlife Refuge 
Master Plan. 

Bald eagles are the only federally listed threatened or 
endangered species that is known to utilize the refuge. The 
proposed project features should not affect that species. 

PROBLEMS AND NEEDS 

The current habitat values of Andalusia Refuge are limited by a 
lack of shallow water, an overabundance of emergent aquatic plant 
growth, and a lack of water control capability. The proposed 
project is an attempt to address those deficiencies and provide 
management flexibility. Sedimentation in Dead Slough has 
resulted in a greatly reduced fishery, and conditions that invite 
significant fish kills. The deepening of the slough and creation 
of an opening to Scisco Chute would address those problems. 

Construction of the proposed levee could impact some of the older 
trees between Dead Slough and the marsh area landward of the 
levee alinement. Identification of this concern has resulted in 
the alinement presented in this draft, which minimizes the timber 
impact. 

DISCUSSION 

One of the major goals of the North American Waterfowl Plan is to 
maintain the habitat value of designated areas of international 
significance to waterfowl. The plan identifies the Upper 
Mississippi River as .one of these specific areas of concern. The 
proposed project would provide water level management capability 
for Andalusia Refuge, and thus aid in restoration of the 
waterfowl values reduced by long-term sedimentation. 

The current midcontinent drought conditions also illuminate the 
critical importance of the Upper Mississippi River to migratory 
birds when isolated wetland habitats are desiccated. The river 
pools will serve as a haven to the fall migration flights, and 
could provide the only significant resting habitat in the region 
for north bound birds in the spring if the drought persists for 
several years. 

Although operated and maintained by the State, Andalusia Refuge 
is a component of the National Wildlife Refuge System. Actions 
that affect habitat on the refuge are subject to the 
compatibility requirements of the National Wildlife Refuge System 
Administration Act. Therefore, a compatibility statement will be 
prepared for inclusion in the Corps' final project report. 
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CONCLUSIONS AND RECOMMENDATIONS 

Tbe Andalusia Refuge Habitat Rehabilitation and Enhancement 
Project, as currently proposed, should restore and enhance fish 
and wildlife values on the refuge. The levee and pump station 
would provide management potential that is currently lacking at 
the site. 

To expedite the approval and construction of this project we 
recommend: 

1. that the final design, in particular the alinement of the 
levee, be closely coordinated with the Mark Twain National 
Wildlife Refuge staff to insurt compatibility with the refuge 
master plan; 

2. that a draft monitoring plan be developed prior to final 
project design, and; 

3. that preconstruction monitoring of water quality and aquatic 
biota at the project site be initiated immediately; 

We look forward to further coordination with your staff on this 
project. 

cc: Mark Twain NWR 
R.O. AE 
R.O. AWR 
IL DOC 
IA DNR 

~Y, 

Charles~ 
Assistant Field Supervisor 
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~ois Historic 
----· Preservation Agency 

1 • ! 11 Old State Capitol • Springfield, Illinois 62701 • (217) 782-4836 

217/785-4512 

ROCK ISLAND COUNTY 
Andalusia EMP Levee Alignment and Stream Realignment 
Mississippi River 
Andalusia Slough 

September 7, 1988 

James H. Blanchar, P.E. 
Acting Chief, Operations Division 
District Engineer, US Corps of Engineers 
Rock Island District 
Clock Tower Building-Post Office Box 2004 
Rock Island, Illinois 61204-2004 

Gentlemen: 

Thank you for requesting comments from our office concerning the possible effects of the 
project referenced above on cultural resources. Our comments are required by Section 
106 of the National Historic Preservation Act of 1966, as amended, and its implementing 
regulations, 36 CFR 800: "Protection of Historic Properties". 

Our staff has reviewed the Archaeological Survey Short Report submitted by David G. 
Stanley, President, Bear Creek Archaeology, Inc. of Highlandville, Iowa for the proposed 
project referenced above. 

The Phase I survey and assessment of the archaeological resources appear to be 
adequate. No archaeological material was recorded within the boundaries of the proposed 
Andalusia EMP Levee Alignment project area. Accordingly, we have determined, based upon 
this report, that no significant historic, architectural, and archaeological resources 
are located in the project area. 

Please retain this letter in your files as evidence of compliance with Section 106 of 
the National Historic Preservation Act of 1966, as amended. 

If you have any further questions, please contact Ms. Paula G. Cross, Staff 
Archaeologist, Illinois Historic Preservation Agency, Old State Capitol, Springfield, 
Illinois 62701, 217/785-4997. 

TWH:PGC:bv 
cc: Julia A. Hertenstein 

~p~}i/Jm 
Theodore W. Hild 
Deputy State Historic 

Preservation Officer 

Dudley Hanson, CoE, Planning. Division 
David Stanley A-19 
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REPLY TO 
ATTENTION Of: 

CENCR-PD-E 

DEPARTMENT OF THE ARMY 
ROCK ISLAND DISTRICT. CORPS OF ENGINEERS 

CLOCK TOWER BUILDING-P.O. BOX 2004 
ROCK ISLAND. ILLINOIS 61204·2004 

CLEAN WATER ACT 
SECTION 404(b)(1) EVALUATION 

ANDALUSIA REFUGE HABITAT REHABILITATION AND ENHANCEMENT 
POOL 16, UPPER MISSISSIPPI RIVER 

ROCK ISLAND COUNTY, ILLINOIS 

NOVEMBER 1988 



CLEAN WATER ACT 
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ANDALUSIA REFUGE HABITAT REHABILITATION AND ENHANCEMENT 
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CLEAN WATER ACT 
SECTION 404(b)(l) EVALUATION 

ANDALUSIA REFUGE HABITAT REHABILITATION AND ENHANCEMENT 
POOL 16, UPPER MISSISSIPPI RIVER 

ROCK ISLAND COUNTY, ILLINOIS 

SECTION I - PROJECT DESCRIPTION 

A. Location. The project is located in Rock Island County approximately 
1 mile north of Illinois City on the Mississippi River, Pool 16, River Mile 
462-463. 

B. General Description. (See plate 2 and pages 16 through 21 of main 
report for details.) The proposed project calls for the construction of a 
2-year event levee (elevation 550.8 MSL), 8,600 feet long, surrounding 
approximately 130 acres of Illinois Department of Conservation (!DOC) refuge 
land. Water levels within the leveed area will be controlled by pumping. 
Borrow material for the levee will be mechanically dredged from Dead Slough 
(approximately 110,000 cubic yards) and from the interior of the newly leveed 
Refuge (approximately 75,000 cubic yards). 

An intermittent stream that now deposits sediment in the Refuge and Dead 
Slough will be rerouted to Scisco Chute. Approximately 11,700 cubic yards of 
mostly silt will be excavated to form a new channel 2,430 feet long, 3 feet 
deep, and 30 feet wide (bottom width). Material will be placed along the left 
bank of the channel and(or) placed in existing row crop land adjacent to the 
new channel. The mouth of Dead Slough also will be relocated approximately 
1,800 feet upstream in Scisco Chute. Material will be placed on the levee 
alignment or possibly in nearby agricultural fields. A new access road to the 
proposed pump station will require filling of approximately 5,000 cubic yards 
into adjacent river areas. 

Alternative out-of-floodplain (upland) fill sites are not feasible for this 
project. The intent of this project, which is waterfowl and fisheries habitat 
improvement, requires that it be located in aquatic and wetland habitats. The 
proposed levee alignment (fill site) minimizes the amount of fill to be placed 
in these environments. 

C. Authority and Purpose. The 1985 Supplemental Appropriations Act (P.L. 
99-88) and Section 1103 of the Water Resources Development Act of 1986 (P.L. 
99-662) provide authorization and appropriations for an environmental manage-
ment program on the Upper Mississippi River. 

D. General Description of Fill Material. Test borings of the dredged 
material show it to be predominantly silts and clays. 

E. Description of the Proposed Discharge Sites. The proposed discharge 
site, which is the new levee, occupies approximately 10 total acres. About 
7.4 acres of the levee will replace existing bottomland forest. Material 



excavated from the relocated channel will be placed on existing agricultural 
row crop land and(or) spread in adjacent bottomland forest. Plate 2 of the 
main report shows the location of the proposed discharge site. All material 
will be mechanically excavated (i.e., backhoe or clamshell). 

SECTION II - FACTUAL DETERMINATIONS 

A. Physical Substrate Determination. 

1. Substrate Elevation and Slope. The proposed levee will raise the 
existing surface elevation along the alignment from Oto 7 feet. The east-
west levee segment will replace bottomland hardwood forest with an earthen 
levee. Although the substrate composition will remain much the same, the 
increased elevation and lack of canopy trees will promote growth of more 
upland plant types on the levee. The north-south levee tie-off will fill 
scrub/shrub and emergent/submergent wetland. Substrate composition will be 
similar, but the elevation will be increased to about 550.8 MSL. This tie-off 
section also will be armored with rock to prevent levee erosion when flooding 
occurs. Material excavated from the relocated drainage channel will be placed 
on adjacent woodland and cropland of similar substrate composition. 

2. Sediment Type. The disposal site substrates consist primarily of 
bottomland soils composed predominantly of silts, clays, and organic soils. 

3. Dredged/Fill Material Movement. All material will be placed by 
physical and mechanical methods that will ensure that it will not be 
displaced. 

4. Physical Effects on Benthos. The composition of the dredged 
material is very similar to the disposal site substrate. 

5. Action Taken to Minimize Impacts. The size and location of the 
levee minimize the loss of aquatic habitat. The north-south levee tie-off 
crosses the emergent-submergent wetland at its narrowest location. The levee 
right-of-way will be approximately 40 to 110 feet wide, minimizing the loss of 
bottomland forest. 

B. Water Circulation, Fluctuation, and Salinity Determination. 

a. Salinity - Not applicable. 

b. Water Chemistry - The dredged material should not cause any direct 
change in water chemistry (i.e., pH). Indirectly, as a result of dredging, 
water quality in Dead Slough should improve. 

c. Clarity - Water clarity within the leveed area will improve during 
flood events as long as the levee is not overtopped. The new levee will keep 
out sediment-laden floodwaters that previously flowed through the Refuge. 
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d. Color - No effect. 

e. Odor - No effect. 

f. Taste - No effect. 

g. Dissolved Gas Levels - The amount of dissolved oxygen in Dead 
Slough should increase, particularly in fall and winter months. 

h. Nutrients - The dredged material itself will not affect aquatic 
nutrients. The project will alter nutrient cycles in the Refuge (leveed 
area). The new levee will reduce nutrient exchange (import and export) to 
waters contiguous with the Mississippi River. This effect should be 
negligible. 

i. Eutrophication - Indirectly the project should reverse eutrophica-
tion in Dead Slough. 

2. Current Patterns and Circulation. 

a. Current Patterns and Flow - The levee will prevent floodwaters up 
to the 2-year event (elevation 550.8) from entering the Refuge. The natural 
flow of water into and out of the Refuge from the downstream end will be 
blocked. A water control structure in the levee will now permit the flow of 
water between Dead Slough and the Refuge. The fill material will not affect 
current patterns and flows outside the Refuge and Dead Slough. 

b. Velocity - The new levee may cause some minor increases in 
velocities since floodwaters that previously flowed through the Refuge will 
now be diverted. 

c. Stratification - No effect anticipated. 

d. Hydrologic Regime - The levee will divert flood flows, up to the 
2-year event, from entering the Refuge. 

3. Normal Water Level Fluctuation. The fill material will have a 
negligible effect on river stages. 

C. Suspended Particulate/Turbidity Determinations. 

1. Suspended particulates and turbidity will increase in Dead Slough 
and the Refuge during dredging and disposal. Some temporary elevation of 
these parameters also will occur in the Mississippi River main channel when 
the mouth of Dead Slough is dredged. These suspended particulates and 
increased turbidity will be predominantly clays and silts. 

2. Effects on Chemical and Physical Properties of the Water Column. 

a. Light Penetration - Temporary reduction during dredging, but no 
permanent adverse effects will result. 
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b. Dissolved Oxygen - The increased turbidity during dredging may 
cause temporary and localized reductions in D.0. 

c. Toxic Metals and Organics - Results of bulk sediment analyses 
indicate that all organic contaminants were present in concentrations less 
than their respective detection limits. Toxic metals did exhibit measurable 
levels for several parameters, however, only nickel and zinc fell in the 
"moderately polluted" category as established by U.S. EPA Region V draft 
sediment criteria. Elutriate test results indicate that toxic metal and 
organic contaminants were quite low and, in most cases, less than their 
respective detection limits. 

d. Pathogens - No effect. 

e. Aesthetics - No effect. 

3. Effects on Biota. 

a. Primary Production - Some primary production from bottomland 
forest and wetland will be lost due to levee construction. Overall, however, 
primary productivity within the leveed refuge will increase. 

b. Suspension/Filter Feeders - No effect. 

c. Sight Feeders - Temporary and localized increases in turbidity may 
cause some sight-feeding fishes to move to adjacent areas. Effects will be 
negligible. 

D. Contaminant Determinations. Results of ambient water and elutriate 
tests were compared to Illinois State Water Quality General Use standards. 
The concentration of ammonia nitrogen in two elutriate samples exceeded the 
standard of 1.5 mg/1. Also, the concentrations of copper in one elutriate 
sample and lead in the ambient water exceeded their respective standards of 
0.05 and 0.10 mg/1. Results of bulk sediment analyses indicate that ammonia 
is the only pollutant to occur in concentrations in excess of nonpolluted 
category based on Interim Guidelines for the Pollutional Classification of 
Great Lakes Harbor Sediments. 

E. Aquatic Ecosystem and Organism Determinations. 

1. Effects on Plankton - No effect. 

2. Effects on Nekton - There will be little or no direct adverse 
impacts from fill placement on nektonic organisms such as fish. Indirectly 
the fisheries of Dead Slough will be greatly improved due to the dredging. 
Please refer to the Environmental Assessment for a detailed discussion. 
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3. Effects on Benthos - Adverse impacts on benthos will be 
negligible. The deepening of Dead Slough and leveeing of the Refuge could 
cause changes in benthic species diversity locally. 

4. Effects on Aquatic Food Web - The proposed fill will inhibit the 
upper end of the Refuge wetland from freely exchanging nutrients, water, etc. 
with the main river. Nutrients that otherwise would be transported to other 
downstream locations during floods will most likely stay within the leveed 
area. Any effects beyond the Refuge will be negligible. 

5. Effects on Special Aquatic Sites. 

a. Sanctuaries and Refuges - The proposed discharge will occur in 
a State-managed waterfowl refuge. At present, the Refuge has no water level 
management capability. The project will allow biologists to manipulate water 
levels, thus greatly improving waterfowl food production in the Refuge. The 
excavation of levee borrow material from Dead Slough will rejuvenate its 
fishery habitat, which at present acts as more of a detriment. (At low water 
stages, fish become trapped in the slough with no way of escape.) 

b. Wetlands - The entire project area consists of a wetland complex 
comprised of several classes and subclasses of Palustrine wetlands, such as 
aquatic bed (rooted vascular, floating vascular, unconsolidated bottom (mud), 
emergent (persistent), and forested (broadleaf deciduous). 

Several of these wetland types will be affected directly and indirectly by the 
fill. Approximately 18 acres of forested, aquatic bed, and emergent wetland 
will be filled or cleared. The seasonal water regime of 130 acres of emergent 
and aquatic bed wetland will become artificially controlled. This artificial 
water level control will likely cause vegetation diversity to decrease. 
Annual species such as smartweed (Polygonum spp.) are likely to increase in 
abundance. Scrub/shrub species around the levee perimeter, such as willow, 
could decrease in abundance depending upon future water level management 
practices. The possible decrease in plant diversity and loss of the natural 
water regime will be exchanged for improved waterfowl feeding and resting 
habitat. 

c. Mudflats - Vegetated mudflats may increase within the leveed 
Refuge on account of manipulated water levels. 

d. Vegetated Shallows - See discussion on wetlands. 

e. Coral Reefs - Not applicable. 

f. Riffle and Pool Complexes - No effect. 

6. Threatened and Endangered Species. The American bald eagle is the 
only federally endangered or threatened species known to use the project area. 
Migrating eagles occasionally use the Refuge area during late fall and early 
winter when ice is not present. During the colder winter months of January 
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and February, eagle use is minimal or nonexistent. The project area does not 
provide any critical life requirements for wintering eagles. The proposed 
fill will have no effect on eagles. 

There are no known State-listed endangered or threatened species present on 
the project site. 

7. Other Wildlife - The loss of mast trees along the upland portion 
of levee alignment will reduce the amount of food available to such wildlife 
as wood ducks, deer, and squirrel. The levee alignment has been moved river-
ward into Dead Slough in order to reduce the loss of trees. 

F. Proposed Disposal Site Determinations. 

1. Mixing Zone Determination - Negligible effects. 

2. Determination of Compliance with Applicable Water Quality 
Standards - Water quality standards for Illinois are discussed in Section II, 
C.2.c. Test results indicate that ammonia nitrogen is the most likely water 
quality standard which may be violated by the project activity. However, the 
proposed dredging and disposal methods for material containing all contami-
nants are expected to minimize contaminant reintroduction to the water column. 

3. Potential Effects on Human Use Characteristics. 

a. Municipal and Private Water Supply - No effect. 

b. Recreational and Commercial Fisheries - Although there will be 
130 acres of wetland (used by fish during high water) isolated due to levee 
construction, the excavation of Dead Slough will create an excellent backwater 
fish habitat valuable to both recreational and commercial fishermen. 

c. Water Related Recreation - The project will create recreational 
fishing opportunities in Dead Slough where none currently exist. The improved 
ability of the Refuge to provide quality migratory waterfowl habitat may 
improve waterfowl hunting opportunities adjacent to the Refuge. 

d. Aesthetics - Construction and maintenance of the levee will 
detract from the natural undisturbed setting that now exists. Increased 
waterfowl use of the Refuge may improve aesthetics relating to wildlife 
viewing. 

e. Parks, National and Historical Monuments, National Seashores, 
Wilderness Areas. Research Sites, and Similar Preserves - No effect. 

G. Determination of Cumulative Effects on the Aquatic Ecosystem. No 
cumulative effects are anticipated, since there will be no future disposal 
actions (exclusive of project maintenance and repair) after project 
completion. 

H. Determination of Secondary Effects on the Aquatic Ecosystem. No 
adverse secondary effects will occur to the aquatic ecosystem. 
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SECTION III - FINDINGS OF COMPLIANCE OR NONCOMPLIANCE 
WITH THE RESTRICTIONS ON DISCHARGE 

A. Adaptation of the Section 404(b)(l) Guidelines to this Evaluation. 
No significant adaptation of the 404(b)(l) guidelines was made in this 
evaluation. 

B. Evaluation of Availability of Practicable Alternatives to the Proposed 
Discharge Site Which Would Have Less Adverse Impact on the Aquatic Ecosystem. 
Several alternative levee alignments were studied. The selected alignment 
minimizes the amount of fill in aquatic and wetland sites. Alternative, out-
of-floodplain project locations are not practicable by the very nature of this 
project. Projects designed to manipulate natural water level fluctuations for 
the benefit of wildlife must be located in aquatic/wetland environments. 
There are no practicable alternatives. 

C. Compliance With Applicable State Water Quality Standards. Permits, 
certification, or waiver of certification under Section 401 of the Clean Water 
Act will be obtained before construction begins. The project will thus be in 
compliance with water quality requirements of the State of Illinois. 

D. Compliance With Applicable Toxic Effluent Standard or Prohibition 
Under Section 307 of the Clean Water Act. The disposal will not violate any 
toxic effluent standards. 

E. Compliance With Endan1ered Species Act. as Amended. The project will 
have no effect on any federally endangered or threatened species. 

F. Evaluation of Extent of Degradation of the Waters of the 
United States. The proposed project will not affect any municipal or private 
water supplies. Recreational and commercial fisheries will benefit from the 
project by the creation of fish habitat in Dead Slough. The project will have 
no adverse effects on plankton, shellfish, or special aquatic sites. Some 
wildlife species will suffer minor adverse effects from the loss of some mast-
producing trees along the levee alignment. There will be no significant 
adverse effects to aquatic-dependent wildlife, ecosystem diversity, pro-
ductivity, and stability. The habitat improvement from this project should 
benefit recreational opportunities in Pool 16, as well as economics. There 
will be some loss of aesthetic values due to the construction of the levee. 

G. Appropriate and Practicable Steps Taken to Minimize Potential Adverse 
Impacts of the Discharge on the Aquatic Ecosystem. The selected levee align-
ment will minimize the amount of aquatic and wetland habitat filled. 
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H. On the basis of the guidelines, the proposed disposal site for the 
discharge of dredged material is specified as complying with the requirements 
of these guidelines with the inclusion of appropriate and practical conditions 
to minimize pollution or adverse effects to the affected aquatic ecosystem. 

Date 
Neil A. Smart 
Colonel, U.S. Army 
District Engineer 
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D R A F T 

LOCAL COOPERATION AGREEMENT 
BETWEEN 

THE DEPARTMENT OF THE ARMY 
AND 

THE ILLINOIS DEPARTMENT OF CONSERVATION 
FOR CONSTRUCTION OF THE 

ANDALUSIA REFUGE HABITAT ENHANCEMENT PROJECT 
ON THE MISSISSIPPI RIVER 

AT ANDALUSIA, ILLINOIS 

THIS AGREEMENT, 'entered into this day of ______ , 
1988, by and between the DEPARTMENT OF THE ARMY (hereinafter referred 

to as the "Gover·nrnent" >, act ins by a.nd ttir-ough the Assist ant Secr·eta.ry 

of the Army (Civi I Works>, and the STATE OF ILLINOIS <hereinafter 

referred t,) a.s the "State"), acting by a.nd through the Illinois Depart-

ment of Conservation, 

WITNESSETH, tha.t 

WHEREAS, the Andalusia Refuge Habitat Enhancement Project (herein-

after r·efen·ed t,:, as the "Project"> was approved under· the tet·ms ,:,f the 

Upper Mississippi River System Environmental Management Program, as 

authorized by the Water Resources Development Act of 1986 <Public Law 

99-662); and 

WHEREAS, the Water Resources Development Act of 1986, Pub I ic Law 

99-662, specifies the cost-sharing requirements a.ppl ica.ble to the 

Pt·ojec t; a.nd 

WHEREAS, title to a.I I of the la.nds required for the Project is 

vested in the United States a.nd is under the Control of the U.S. Army 

Corps of Engineers; a.nd 
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WHEREAS, said land is managed by the II I inois Department of Conser-

vation as a national wildlife refuge within the meaning of Section 

906(e)(3) of Pub I ic Law 99-662; and 

WHEREAS, the II I inois Department of Conservation has the authority 

and capabi I ity to furnish the cooperation hereinafter set forth under 

Section 631.:,I of Ch. 27, I I I • Rev. Sta. t. 1987, and is w i I I i ng to 

participate in accordance with the terms of this Agreement; 

NOW, THEREFORE, the parties agree as fol lows: 

ARTICLE 1 - DEFINITIONS 

For purposes of this Agreement: 

a.. The term "Project" sha. I I mean c onstt·uc ti ,)n of a. I ow I evee 

approximately seven to nine feet high, with a riprapped overflow weir 

section, a.long the riverside edge of the Refuge and tying into higher 

ground upstream and downstream; a pump station with two submersible 

pumps, trash racks, and a water control structure with a 36-inch 

diameter concrete conduit and a sluice gate; access roads to the pump 

station and levee system; provision of a source of overhead electrical 

power; excavation in Dead Slough and of a water access from Scisco 

Chute to Dead Slough; excavation of drainage channels within the 

Refuge, including excavation to create an island; excavation of a 

diversion drainage ditch to reroute the creek emptying into the upper 

end of the Refuge into Scisco Chute; and an unsurfaced maintenance road 

for the diversion ditch. 

b. The term "total project costs" shal I mean all costs 

incurred by the Government directly related to construction of the 

Project. Such costs sha.l I include, but not necessarily be limited to, 

actual construction costs, costs of applicable en9ineerin9 and design, 

continuing planning and engineering costs incurred after October 1, 
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1985, supervision and administration costs, costs of project construc-

tion contract dispute settlements or awards, and any costs associated 

with providing for the use of Government-owned lands, but shal I not 

include any costs for operation, maintenance, rehabi I itation, replace-

ment, or betterments. 

c. The tet-m "period of constt-uction" shal I mean the time ft-om 

the advertisement of the first Government construction contract to the 

time of acceptance of the Project by the Contracting Officer. 

d. The term "Contracting Off i c et-" sha I I mean the Commander of 

the U.S. Army Engineer District, Rock Island, or his designee. 

ARTICLE II - OBLIGATIONS OF THE PARTIES 

a. The Government, subject to and using funds appropriated by 

the Congress, shal I expeditiously construct the Project applying those 

procedures usually fol lowed or applied in Federal projects, pursuant to 

Federal laws, regulatir:,ns, and p,:il icies. The State shat I be afforded 

the opportunity to review and comment on al I contracts, includin9 

relevant plans and specifications, prior to the issuance of invitations 

for- bids. The State also shal I be afforded the opportunity to review 

and comment on al I modifications and change orders prior to the 

issuance to the contractor of a Notice to Proceed. The Government wi II 

consider the views of the State, but award of the contracts and 

performance of the work thereunder shat I be exclusively within the 

control of the Government. 

b. When the Government determines that the Project, or 

functional element thereof, is complete, the Government shat I turn the 

Project or element over to the State, which shat I accept the Project or 

element and be solely responsible, subject to the provisions of Article 
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XIII of this Agreement for operating, maintaining, replacing, and 

rehabi I itating the Project or element in accordance with ARTICLE VIII 

het·eiof. 

c. No Federal funds may be used for the non-Federal share of 

project costs unless specifically authorized for that purpose. 

ARTICLE III - CONSTRUCTION PHASING AND MANAGEMENT 

a. To provide for consistent and effective communication 

between the State and the Government during the term of construction, 

the State and the Government shal I appoint representatives to coordi-

nate on scheduling, plans, specifications, modifications, contract 

costs, and other matters relating to construction of the Project. 

b. The representatives appointed as provided above shal I meet 

as necessary during the term of Project construction and shal I make 

such recommendations as they deem warranted to the Contracting Officer. 

c. The Contracting Officer shal I consider the recommendations 

of the representatives in al I matters relating to the Project, but 

the Contracting Officer, having ultimate responsibi I ity for construc-

tion of the Project, has complete discretion to accept, reject, or 

modify the recommendations. 

ARTICLE IV - DISPUTES 

Before any party to this Agreement may bring suit in any court 

concerning an issue relating to this Agreement, such party must first 

seek in good faith to resolve the issue through negotiation or other 

forms of nonbinding alternative dispute resolution mutually acceptable 

to the parties. 

ARTICLE V - OPERATION, MAINTENANCE, AND REHABILITATION 

a. After the Project is turned over by the Government, the 

State, subject to the provisions of Article XIII of this Agreement, 
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shal I operate, maintain, replace, and rehabi I itate the Project, or 

functional element thereof, in accordance with re9ulations or direc-

tions prescribed by the Government. 

b. The State currently has a ri9ht to enter upon the lands 

for wildlife conservation and mana9ement, in accordance with the 

General Plan for Use of the Project Land and Water Areas for Wildlife 

Conservation and Mana9ement, Mississippi River Between the Missouri 

River and Minneapolis, Minnesota, State of II I inois, executed by the 

Department of the Army on 19 January 1961; and in accordance with the 

Cooperative Agreement between the Department of the Army and the 

Department of Interior, Bureau of Sport Fisheries and Wildlife, dated 

14 February 1963. This Agreement shal I be interpreted in conjunction 

with said prior agreements and is not considered to be violative of the 

terms of said agreements. 

c. If inspection shows that the State for any reason is 

fai I ing to fulfi I I its obi igations under this Agreement without 

receiving prior written approval from the Government, the Government 

shal I send a written noti~~ to the State. If the State persists in 

such failure for 30 calendar days after receipt of this notice, then 
i 

the Government shal I have a right to enter, at reasonable times and in 

a reasonable manner, upon Project lands for the purpose of completing, 

operating, repairing, maintaining, replacing, or rehabi I itating the 

Project. No completion, operation, repair, maintenance, replacement, 

or rehabi I itation by the Government shat I operate to relieve the State 

of responsibi I ity to meet its obi igations as set forth in this Agree-

ment, or to preclude the Government from pursuing any other remedy at 
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law or equity to assure faithful performance pursuant to this 

Agreement. 

ARTICLE VI - RELEASE OF CLAIMS 

The State shal I hold and save the Government free from all 

damages arising from the construction, operation, maintenance, replace-

ment, and rehabi I itation of the Project, except for damages due to the 

fault or neg I igence of the Government or its contractors. 

ARTICLE VII - MAINTENANCE OF RECORDS 

The Government and the State shal I keep books, records, 

documents, and other evidence pertaining to costs and expenses incurred 

pursuant to this Agreement to the extent and in such detai I as shal I 

properly reflect total project costs. The Government and the State 

shal I maintain such books, records, documents, and other evidence for a 

minimum of three years after completion of construction of the Project 

and resolution of al I claims arising therefrom, and shal I make 

avai I able at their offices at reasonable times, such books, records, 

documents, and other evidence for inspection and audit by authorized 

representatives of the parties to this Agreement. 

ARTICLE VIII - FEDERAL AND STATE LAWS 

In acting under its rights and obi igations hereunder, the 

State agrees to comply with al I applicable Federal and State laws and 

regulations, incluoing Section 601 of Title VI of the Civi I Rights Act 

of 1964 <Public Law 88-352) and Department of Defense Directive 5500.11 

issued pursuant thereto and published in Part 300 of Title 32, Code of 

Federal Regulations, as wel I as Army Regulation 600-7, entitled 

"Nondiscrimination on the Basis of Handicap in Programs and Activities 

Assisted or Conducted by the Department of the Army." 
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ARTICLE IX - RELATIONSHIP OF PARTIES 

The parties to this Agreement act in an independent capacity 

in the performance of their respective functions under this Agreement, 

and neither party is to be considered the officer, agent or employee of 

the other·. 

ARTICLE X - OFFICIALS NOT TO BENEFIT 

No member of or delegate to the Congress, or Resident 

Commissioner of the United States, shal I be admitted to any share or 

part of this Agreement, or to any benefit that may arise therefrom. 

ARTICLE XI - COVENANT AGAINST CONTINGENT FEES 

The State warrants that no person or sel I ing agency has been 

employed or retained to solicit or secure this Agreement upon agreement 

or understanding for a commission, percentage, brokerage, or contingent 

fee, excepting bona fide employees of bona fide established commercial 

or sel I ing agencies maintained by the State for the purpose of securing 

business. For breach or violation of this warranty, the Government 

shal I have the right to annul this Agreement without I iabi I ity, or, in 

its discretion, to add to this Agreement or consideration, or otherwise 

recover, the ful I amount of such commission, percentage, brokerage, or 

contingent fee. 

ARTICLE XII - TERMINATION OR SUSPENSION 

If the Government fai Is to receive annual appropriations in 

amounts sufficient to meet Project expenditures for the then-current or 

upcoming fiscal year, the Government shal I so notify the State. After 

60 days either· party may elect without penalty to terminate this Agree-

ment or· to suspend performance thereunder, and the parties shall 

conclude their activities relating to the Project. 

C-7 



ARTICLE XIII - OBLIGATION OF FUTURE APPROPRIATIONS 

Nothing in this Agreement shal I constitute or be deemed to 

constitute an obi igation of future appropriations by the legislature of 

the State of II I inois, and al I obi i9ations of the State shal I cease if 

the legislature fai Is to appropriate the funds necessary to meet the 

State's obi i9ation pursuant to this obi i9ation. 

ARTICLE XIV - NOTICES 

a. Al I notices, requests, demands, and other communications 

required or permitted to be given under this Agreement shal I be deemed 

to have been duly given if in writing and delivered personally, given 

by prepaid telegram, or mailed by first-class (postage prepaid), 

re9istet·ed, ot· certified mai I, as fol lows: 

lf. to the State: 
Director 
II I inois Department of Conservation 
Lincoln Tower Plaza 
524 South 2nd Street 
Springfield, II I inois 62701-1787 

I.f.. t,:, the Govet·nment: 
District Engineer 
U.S. Army Engineer District, Rock Island 
Clock Tower Bui ldin9, PO Box 2004 
Rock Island, II I inois 61204-2004 

b. A party may change the address to which such communica-

tions are to be directed by giving written notice to the other in the 

manner provided in this section. 

c. Any notice, request, demand, or other communication made 

pursuant to this Article shal I be deemed to have been received by the 

addressee at such time as it is personally delivered or on the third 

business day after it is mailed, as the case may be. 
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ARTICLE XV - CONFIDENTIALITY 

To the extent permitted by the law governing each party, the 

parties agree to maintain the confidentiality of exchanged information 

when requested to do so by the providing party. 

IN WITNESS WHEREOF, the parties hereto have executed this Agreement 

as of the day and year first above written. 

THE DEPARTMENT OF THE ARMY 

By: 
ROBERT W. PAGE 
Assistant Secretary of 
the Army (Civi I Works) 

DATE: 

STATE OF ILLINOIS 
DEPARTMENT OF CONSERVATION 

By: 

Title: 

DATE: 
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I, 

CERTIFICATE OF AUTHORITY 

_____________________ , do hereby certify that I am 

the Attorney General of the State of II I inois, that the State is a 

lesal ly constituted pub I ic body with ful I authority and le9al 

capabi I ity to perform the terms of the Asreement between the Department 

of the Army and the II I inois Department of Conservation for local 

cooperation in connection with a project for the enhancement of habitat 

at the Andalusia Refuge, and to pay damases, if necessary, in the event 

of its failure to perform, in accordance with Section 221 of Pub I ic Law 

91-611, as amended, and that the person who has executed the Agreement 

on behalf of the II I inois Department of Conservation has acted within 

his statutory authority. 

IN WITNESS WHEREOF, I have made and executed this Certificate this 

day of ___________ , 198 ___ _ 

Attorney General for the State of II I inois 
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CI~Tk[fUTIJN LfST FOR 
UPPER MISSISSIPPI RIVER SYSTEM 

ENVIRONMENTAL MANAGEMENT PROGRAf1 
DEFINITE PROJECT REPORT 

ANDALUSIA REFUGE 
REHABILITATION AND ENHANCEMENT 

JIST~IAUTIGN -- fXT~~~AL 

~ONO~ABlt ALAN J. DI~J~, U~ITEC STATES SENATE 
WASHINGTJ~, OC 20510 

HONG~ABL~ PAUL SIMON, UNITED STAT£S SE~AlOR 
4f2 SE~~T~ nIRK~~N CFFICE HLDG, WASHINGTON DC 20510 

HONQ~~BL~ ALAN J OIKCN, UNIT~D STATES SE~ATCR 
23J SOUTH DLARBCR~ ST, ioc~ l9q6 
CHICAGC IL a27G1 

~lNC~AFl~ PAUL SIMGN, STATES SENATOR 
KLUCZYN~KI HLDG - SU[TE 3~q?, 230 sou,~ CEARE-OHN ST 
Ct< r CA G '1 ! l 6 0 E ') 4 

HON ;y~ A 8 L C:: Ui ;~ I:: :: V A f\l; , t-, GUS E ·; F K £PR£ SE fl TAT I IH 
32'-l CAN,,nN nJUSr Of- FI Cf :3LY,, •ASHIN6T0~ DC 20'51~ 

,~ J <'\j d, , A R L'- L '• r:: ._ ii A '\J :. , ,F P il E ;; ,- NT A T I VE I N C O t. l.i R E S S 
3:HJ 16T, ST, ,-i,JLI.E IL E.12S5-7217 

OIR~crcq, ~O~ISO~l CCUNCIL Q~ HISTORIC PRfSEF\ 
u l D Pr, d LC.; II A 1>;, l 1 VJ P 1:: N N, Y L II AN IA A \If N UE P\ Iii 
w As 1 r ·~, r . ; r-. ,Jc 2 , D •~ \ 

J0T =~caJI~AfJR, u: C~Pf JF TRANSPORT~TICN 
< 1, - v ; 1 r ) 11 • , 21 o u c:: c a ~J •J ,:, r Rf~ T sw 
~Q~MINJTJ~, JC JCSl~ 

FEJ=~Al ~~ER0l~CY AO~IN, 500 C STREET SW 
~OJ~ 713, ~JSHI~GTJ~ DC 2G412 

OFFICE <JF ENvifHJJ\4~E"JUL PPGJ REVIEW• IJEPARTp,tEJJ Of INTERIOR 
MS 4231-~IA, lRTH C STRE~TS NW - ROOM ~241 
w~~rlCNGTJ~ 0c 2 1 241 

UI~~cra~. OFFIC~ OF H~Hffll PROT~CTIG~ 
NA T ( ,J NA,_ t' A 1U NE FE H~ tt ff S S ~RV ICE , NC .a A 
~ASrlINGTGN DC 2G235 

S I~,; l E COP It.: S iJ Li n I iJ UT CO E )( C EP T AS IN O IC A H C 

12. 



O{ST~lHUTIO~ -- EXTERNAL 

OR OAI/IO ClAPPt UffICi: f'JF Thr:: OIR£CTOR 
CNTH FG~ ENV HEALT~&INJ CONTROL/F 2. CENTEAS FCR CISfASl CONTROL 
ATL!'\I\ITA G~ 30331 

s,,r~ QI~ECTJR, us JEPT 0F A~RI~ULTUPE 
STAT~ F~IRGNOUNDSt SPRINGFIELD• ll 6270€ 

t-.C 
CCPIES_. 

MR VAL04~ J - AOHIN13TRATCR, US ENVIRONHE~lAL PROTECTION AGCY 3 
23J ; ~Tt CHICAGC ll ED601 

~ILLI,M C f0CIK - OIRECTO~, £"ERGENCY ~ANAG[MENT AGE~CY 
REGfON ~• 175 JACkSCN BLVO - 4TH FLOOR 
CHICAGJ IL 606C4 

~EGIC~Al E~G!N[EKt FE1C q~GIJNAL OFFICE 
FEu, .. ){Al BLOG - H~T FLOOR, ?30 S CEAPBORN sr 
Ct-ICAGJ Il f-J6'14 

M~ 0 JRERT H ST~PfTON JR, MA~~ T~l[N NATIONAL ~ILOLIFE REFLGE 
311 ~ORrH 4TH ST, SUITE 100 
llU{ ~CY IL 62301 

MR RIC~~~o N7 LSC~ - FIELJ SU~R~R, u.s.FISH & ~ILOLIFE SERVICE 
l'nl Si:()f'.<J AV'". - "ND FLGOR, ROCK ISLAtiO,ll 612Cl 

US F~JH \ -ILCLIF[ ;ERV[C~, ATTN CHUCK OAVIS/LER01 SO~L 
19~. SECJ~J A~€NUE, ~QCK IL Sl201 

~TAf" c:;~.;[,hlATf,1~JI~r, S'.lll CONs~..:RVATICN SIIC trnA 
'Pl N ~,.\NC CL 0 H, CH,\ !'tP.11 I ,;r,J IL 1820 

US FIS~ ~ILDLifi iERVIC~, ~ORTrl CENTRAL REGL CfflCE 
ATTN CHUCK G[HEnNs, fEOf~PL HLQ~-FORT siELL!~6 
T~I~ CITIES ~N 55111 

~R JJ\M[:; C G:HTMAN-F:tiIC'\I.\L :H~ECTC, u.s.FISf-1 AND liiILOLif[ S[RVICE 
FC.l:RAL HLD~ fORf :;~~Lll\lG, TwIN CITIES MN 55111 

, MR J'.:i<R't RASMUSS•N, f:JIJ[f{JI\M~~NTAL p,!ANAGEP'E~T 
TfCrlNICJL c~~Tf~, PC BO~ el½ 
LACqoss: WI 54FG1 

-~INSLE C~PI[S JISTK{dUf~D EXCEPT AS lNO!CAJfC 

2 

2 



JIST~IBUTIC~ -- EXTERNAL 

REGIONAL FORlSTERt FCREST S~~VICE 
US OEFT OF AGRICULTURE, JlJ W WISCONSIN AVE-SUITE 5fi0 
MIL~AUKf.E -r ~32C3 

ca~MANCE~, us A~MY ~~GINEER nISTRICT-S1 PAUL 
ATT~ CE~SO-P1/0 PO~~LL, 1421 USPO & CUSTOMHOUSE 
ST PAUL ~N 55101-1419 

DISTRICT E~GINEEKt US A~MY ~NGINEER DlST~ICT !1 LCUIS 
ATT~ fLAH~ING CIV/~~METT HAHN, 210 TlCKER Bl~[ ~CRTH 
ST LOUIS ~O i3lG1-1936 

OFFICE OF THC GCV£RNCR, t\TTN: TOM BERKSHIRE 
ST4TE OF ILLINOIS, SPRINGFIELOt IL 62706 

HJNO~ABLF JA~ES THCMP3ijN, GOVERNOR Cf Illl~CJS 
ST~TE C~PITDLt SP~INGFIELC IL 62106 

OIRECTC~, BUREAU OF S1IL \ ~ATER CONS 
IL OEPT JF AGRICULTURE, c~~qsoN BLDG-IL ST FAIRGROUNDS 
SPR[NGFI€LD IL 62706 

ILLl~nIS 1fPT 1F C1~S[RVJTION, ~TTN·TERRY MOYER 
OfARnaR~ h~LL, 2JS EAST SEMI~ARY 
~uUNf CAqROLL IL 61~5~ 

MR - O[H~CTG~, ILL[NCIS DEFT CF CC~SER~ATION 
L(NCOL~ TCw[R PLAZA, 524 sour~ 2NC STREET 
SP~r~GFrELD ll 62JJ1-1787 

MR HILL dEAT~A~O, O~PARTM~~T OF CONSER~ATION 
~C~THEq~ 3T~EA~S pq(JECT CFFICE, BOX l~l 
ALEDO {L f1;~31 

BILL JlNEL3t illI~OlS DEFT OF CCNSERVATIO~ 
LI~COLN TCWCR PLAZA, 524 SOUTH 2~0 STREET 
SPRINGFIELD IL 6270F 

~R OJNALO VG¼NAHME - Ol~CCTGR, DIVISION Of ~AlER FESOURCfS 
IL CF TR~NSPORTATIO~, 2300 SCUTH OlRK~E~ PARKWAt 
SP~[NGfliLO IL 627~4 

·SINGLE COFiiS 1IST~IdUTro EXCEPT jS INOICAT~C 

3 

NC 
CCPIES• 

2 

2 

3 



UlSTxIBUT[ON -- :XTERNAL 

OIRfCTC~t IL E~~t~ON~ENTAL P~OTECTION AGENCY 
~23~ CHURCHILL SPRINGFIELD IL 62706 

qrcHARO G SE~O~IN - CHI~Ft TLLI~~IS STATE WATER SURVEY 
22C4 GqifFITH CRIV~, CHAMFAI~N IL 61820 

MM ~IllllM G FARRAQ, OEPUTY STATE HIST PRESE~\i OFCR 
IL HI3T1RIC PRfS~RVATIO~ JGENCY, OLD STjJ[ CAFIT(L BLOG 
SP~I~GF[ELO IL ~27Jl 

MR K:::"1N SlCOIJRGNSKf, lJC::PT JF NATURAL R£SOtJRC£~-PlNG BUR 
~ALLAC~ 3TATE CFFICI: HUiLOI~G, ~no EAST 6RAN[ AVENUf 
OES MO[~ES IA 

M~ l4RRT WILSCN - J[RECTO~t JEPT OF NATURAL RESOURCES 
liALLACE STAT:: IJffICI: eLOG, ~OIJ ,:AST lRANC A\iENUE 
DES MOI~ES IA ~C311 

F~E0~RIC~ HH~NNER Prl.D 0 .~., HISTORIC PF£SV OFFICE 
J:PAiH~'-1\T ;f f\ATUR~L R~SCUr{CES-, PO BCJC 176 
J r..f f- :::: R S 'J N C f T Y MC , 5 1 Cl 2 

NO~MA~ S?UCKY, MISSJLR[ OF CONSERVATION 
P0 HUX l~O, JEFFERSCN CITY ~1 6~102 

, c~ KENN~oi, ~l~CJNSIN J~PT JF NATUMAL Ri5CURCES 
3~SJ M01MJN COULEE AOAO, LA CROSSE WI 54&01 

rlONOR~HL~ DENNY JACOPS, ILLI~CIS SENATOR 
6 )4 l 9l ,-i ST~ EE h MJ LI NE IL C, 12;,5 

H-JNO:-U~BL-::: .JOi:L lLLifl.GIS REF~ESEIHATIVE 
3H ldTH STRE~T. RJCK I}LA\;J IL 61201 

HONJ~ABLE HJB JEJAfGHEP, ILLINOIS REFRESENTATIVE 
203 1qJH STREEf, EAST MOLi~~ IL 61244 

OIF[CTCR, EI ST4TE 1ETRO Fl~~NING COMM 
1~04 AV~, ROCK [SLA~O [l 61201 

•SINGLE CJPIES JISTRl~Urco ~XCEPT JS INOICATEC 

4 
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JIST~IBUTlOh -- EXTE~NAL 

MS GAIL CA~MOOY, UPPER MISSISSIPPI RIVER 
CON'.'.>ERVATION COMMI3Sl0Nt l8JO SECOND AVENUE 
RGCK ISLA~O IL 

ROCK ISLAND COUNTY !3C~RC, CF SUPER\HSCF5 
15J4 THt~C AVE., RJCK ISL~NJ, IL 61201 

COUNTY CLERK, ROCK ISLAND COUNTY 
CCU?.T 1-'ClJSf, RCCK ISLAND, IL 61201 

PR'~SCOENT, ROCK l3LANO CO. FARM BURfAlJ 
111::iil JOtiN CH~ERE RDt '-:AST NOLINE, IL El2'to\ 

MAYO~ & C[TY COUNCIL, ANOALUSIA, IL 61232 

ANCALU SL\ TAP LIBRA~ Y, AIJX ':'.J;'.,S 
ANDALUSIA IL E1232 

qoc~ ISLA~C PUBLIC LIB~ARY, iTt AVE & 19TH ST 
RGCK ISLA~O IL 612Jl 

MS. ,.)AM \J[pS,)N, IL CCUNCIL :JF IIIATERSHEOS 
H6.'., 00,Jllf\, JACKS0,'4\IILLf, IL 62650 

Iltl~OIS JUCK & GOOSE, HUNT~~S ALLIANCE 
ATT~ MICHA~L J RUEtiEERS, 11712 78TH A,E W 
TAYLOR ~ICG~ IL 612~4 

~R3. JA~E JU~~sc~. pq~S[JENT 
ILLI~JIS COUNCIL OF ~ATERSH(DS, R.R. 2, BOX 50 
GIL5J~, IL 61.36 

EMILY H. ;MITH, rr c~rv l~AGUE Jf WOME~ UOTEHS 
442: 42\ID A.JC.., R0CI< I$LArtlJ, IL 61201 

1I-~fATi BASS CLUH, 828 HEL~0NT AVE 
DAVENPORT IA ~2802 

QUAQ CITY BASS CLUB, 4321 TEL£6RAP" RCAO 
OAV~NPO~T IA ~2~02 

• S IN G L E ;:: 0 P IE:; J IS TR I tHI 'f:: D E)( C EP T j S IN O IC AT:. C 

5 

NC 
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JISTkIBUTIO~ -- £lTERNAL 

()UAO CITY CGN:,[RIIAT!CN ALLIA1;c£, 3024 N LINCCl" A\IE 
OAV~NPC~T 1, 52k04 

J4~E CLD~R, THE SIC~RA CLUE 
214 N H~NRY ST SUIT~ 2J,, MAOISJN ~I ~3703 

TH~ UAILY CISPjTCH, 172J-5T~ AVENUE 
MOL!~£, IL .61265 

ROCK ISLJNC 4~GUS, 1124 4TH ~VENUE 
ROCK I'SLAI\D, IL 61?01 

•hHF, i1P-1-Fflt T\I, 231- 18TH ST. 
RCCK ISLH,O, IL 612H 

• ::; 11\i G L E L 1 j-J I '.: S "J l 5 IR I 8 U T · _ U f. X C EP T AS I NO I C AT f D 

DISTRIBUTION -- INTERNAL 

COMMANDER, US ARMY ENGINEER DISTRICT, ROCK ISLAND, CLOCK 
TOWER BLDG., ROCK ISLAND, IL 61204-2004 
ATTN: CENCR-DE CENCR-PD 

CENCR-RE CENCR-PD-E 
CENCR-ED 
CENCR-ED-D 
CENCR-ED-DG 
CENCR-ED-H 
CENCR-ED-HH 
CENCR-ED-HQ 

(3) 

CENCR-PD-R 
CENCR-0D 
CENCR-0D-M 
CENCR-0D-MC 
CENCR-CD 
CENCR-IM-C 
CENCR-PA 

(3) 
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GENERAL 

UPPER MISSISSIPPI RIVER SYSTEM 

ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT (R-4) 

ANDALUSIA REFUGE 

REHABILITATION AND ENHANCEMENT 

POOL 16, RIVER MILES 462 THROUGH 463 

ROCK ISLAND COUNTY, ILLINOIS 

APPENDIX A 

HYDROLOGY AND HYDRAULICS 

The Andalusia Refuge area, shown on plate 1 of the main report, 
is located within the Upper Mississippi Wildlife and Fish Refuge 
between river miles 462 and 463 in Pool 16. This area, located 1 
mile north of Illinois City, is currently managed as a waterfowl 
refuge by the Illinois Department of Conservation. 

The purpose of this appendix is to present the development and 
evaluation of proposed improvements which will provide a water 
control structure system. This system will provide a moist soil 
management unit with controlled water levels, reduce 
sedimentation into the refuge area, and divert upland 
sedimentation from the refuge area. Approximately 1.55 square 
miles of overland area will drain into the moist soil management 
unit. The elevation area and capacity curves for the project are 
shown on plate A-1. 

CLIMATE 

The climate in east-central Iowa is characterized by extreme 
temperatures and moderate precipitation. The National Weather 
Service operates a weather station in Moline, Illinois, located 
about 25 miles north of Andalusia, which has over 50 years of 



record. Temperatures range from a maximum of 107 degrees 
Fahrenheit in the summer to a minimum of -26 degrees Fahrenheit 
in the winter. The normal temperature is 49.5 degrees 
Fahrenheit. 

Most of the precipitation occurs in summer and fall months, with 
May, June, and July normally the wettest months, having a monthly 
average of over 4 inches. Winters are normally the driest parts 
of the year. The average annual precipitation is 37.2 inches and 
the average annual snowfall is 28 inches. Table A-1, shown 
below, lists the appropriate monthly precipitation amounts at the 
Moline gage for the 36 years of record during the periods 1951 to 
1987. 

TABLE A-1 

Average Monthly Precipitation 

Month Inches Month Inches 

January 1.64 July 4.88 

February 1.30 August 3.76 

March 2.77 September 3.74 

April 3.97 October 2.70 

May 4.21 November 2.16 

June 4.32 December 1.92 

HYDROLOGY 

Mississippi River discharge frequency relationships and 
corresponding water surface profiles were promulgated by the 
Upper Mississippi River Basin Commission (UMRBC) in a November 
1979 study entitled Upper Mississippi River Water Surface 
Profiles, River Mile 0.0 to River Mile 847.5. Plate A-2 presents 
pertinent data from this study. Actual water elevations are 
recorded daily at Fairport, Iowa (RM 462.0). Plates 5 and 6 of 
the main report show daily stage hydrographs for the period of 
record 1967 through 1986 (gage zero equals 535.16 feet above mean 
sea level (MSL). These data were used to compute monthly and 
year-round elevation duration relationships for the project site 
as presented on plates A-3 through A-6. The 50 percent duration 
elevation can be interpreted as the average elevation. The 
months of July, August, and September have the lowest normal 
elevations, referenced to feet above MSL, of 545.4, 545.3, and 
545.3, respectively. The year round normal elevation is about 
545.5 feet. Typical floods appear to last for at least 25 days 
and raise the water surface about 5 feet. 
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SEDIMENT CONDITIONS 

Historical records of past sedimentation rates are essentially 
nonexistent. A paper by J. Roger McHenry dated March 1981 
entitled "Recent Sedimentation Rates in Two Backwater Channel 
Lakes, Pool 14, Mississippi River" indicates widely varying 
deposition rates, with an average of about 0.1 foot per year. 
Diversion of the upland drainage from the refuge area and the 
proposed levee with 2-year flood protection will decrease the 
sedimentation rate. A detailed discussion of sedimentation is 
presented in Section 2 of the main report. 

HYDRAULICS OF PROPOSED PROJECT CONDITION 

The proposed project includes a levee constructed to provide 
protection from the 2-year flood event. The levee height will 
be 552.8 feet MSL at the most upstream end and slope to 550.8 
feet MSL at the most downstream end. The levee will be tied into 
the natural ground elevation of 551.8 feet MSL at both ends as 
shown on plates 8 and 12 of the main report. 

Located at the downstream end of the levee is a 600-foot armored 
section designed for overflow purposes. The overflow section was 
designed to be the area where overtopping will first occur during 
flood events greater than the 2-year frequency. Once overtopping 
of the overflow section occurs, the interior of the levee will 
fill before overtopping of the main levee section occurs. This 
will equalize the hydrostatic pressure and reduce damage during 
flood events greater than the 2-year frequency. The riprap for 
this armored section is discussed in a following section. 

The area of conveyance for the 100-year flood event was computed 
for existing conditions and compared to that of the proposed 
conditions. There was approximately a 7 percent reduction in the 
cross-sectional area at the project site. The reduction occurs 
in the over bank area which does not normally convey much of the 
flood flow. The estimated difference in flood elevations for all 
floods is substantially less than 0.1 foot. A channel cross 
section for existing and proposed conditions is shown on plate 
A-7. Table A-2 lists the number of times per month the 2-year 
flood elevation was exceeded during the years 1965 through 1987 
at the Fairport gage. 
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TABLE A-2 

Number Of Times The 2-Year Elevation 

Was Exceeded (1965-1987) 

Monlh Number Month Number 

January 0 July 0 

February 0 August 0 

March 3 September 0 

April 9 October l 

May 7 November 0 

June 1 December 0 

WATER CONTROL STRUCTURE 

A significant aspect of the project is the upstream gated water 
control structure between Dead Slough and the Refuge as shown on 
plate 10 of the main report. The purpose of this structure is to 
allow river water entry into the moist soil unit during non-
managed periods of the year. The unit consists of one gate well 
with a slide gate as shown on plate 21 of the main report. The 
structure was designed to fill or drain the interior with 200 
acre-feet of volume in a 14-day period. It was concluded that an 
average head of about .5 foot will be available and an area of 
1.8 square feet will be required. This will be provided with a 
36-inch pipe as shown on plate 21 of the main report, resulting 
in an average discharge velocity of approximately 4.0 feet per 
second. 

RIPRAP DESIGN 

An 18-inch layer of riprap was designed to armor the overflow 
portion of the levee. The overflow levee will be used in flood 
events to back water into the refuge area. During the initial 
stages of overtopping, the overflow section will have water 
overtopping in free flow, which is considered the most critical 
time for stability. For floods greater than the 2-year event, 
the project levee will be in a submerged state and less likely 
to be damaged. 

Routing a typical Mississippi River flood through the overflow 
portion of the levee resulted in a maximum head of approximately 
0.55 foot above the levee crest prior to submergence. Technical 
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Report NO. 2-650 "Stability of Riprap and Discharge 
Characteristics, Overflow Embankments, Arkansas River, Arkansas" 
was referenced in order to determine the stability of the 
overflow section. The data in this report did not cover small 
hr!ad elevations above the crest. However, interpolation of the 
data would result in the overflow section being borderline 
unstable if unprotected. 

The overflow portion of the levee is located in a north-south 
direction and will be exposed to expected wind velocities as high 
as 70 miles per hour. In accordance with CETN-I-6 "Revised 
Methods for Wave Forecasting in Shallow Water," it was determined 
that 2.5-foot waves could be caused as a result of wind 
velocities, fetch, and depth of water at the project area. Due 
to the possible unstable condition of the overflow levee and the 
possible wave attack, a minimum 15-inch layer of riprap was 
determined to be required to armor the levee. This was based on 
a density 165 pc£ which results in a D50 of .58 feet. However, 
as discussed in Appendix C - Geotechnical Considerations, based 
on experience 18-inch thick riprap will be provided for adequate 
protection during all overflow scenarios. The minimum required 
riprap design gradation was determined in accordance with 
procedures in EM 1110-1601 and ETL 1110-2-120. The following is 
the required minimum and the recommended gradations for the 
riprap: 

Percent Lighter by 
Weight 

100 
50 
15 

Limits of 
Stone wt., lbs. 

Minimum 

170-70 
50-35 
25-10 

Recommended 

150-400 
60-170 

15-50 

The riprap blanket should extend beyond the toe of the bank. A 
bedding layer 6 inches thick should be provided under the riprap. 

Riprap protection is also recommended at the upstream gated water 
control structure. A horizontal blanket of riprap will be 
provided to prevent scour during the worst case scenario for 
which the velocities could be as high as 12 feet per second. 
This is based on assumed conditions including incorrect operation 
of the gate, involving opening it with low pond conditions during 
a 2-year flood event on the river. The required riprap blanket 
was determined in accordance with procedures in Research report 
H-70-2, "Erosion and Riprap Requirements at Culvert and Storm-
Drain Outlets." The riprap blanket, as shown on plate 21 of the 
main report, will be 18 inches thick with a D50 of .58 foot. The 
minimum and recommended riprap gradation are the same as shown 
above for the overflow portion of the levee. 
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PUMP SIZE 

Another significant aspect of the project is the pump station 
located at the downstream end of the levee as shown on plate 12 
of the main report. The station will be a two pump system with 
the capability to pump into the river from the moist soil unit 
during desirable periods and will also have the capability to 
pump from the river into the moist soil unit during low river 
events to ensure adequate water depth during critical periods. 
The effects of normal rainfall, seepage, evaporation, and upland 
drainage were all considered in the pump design. 

One pump was designed with the capability to pump from the refuge 
area in order to drawdown the refuge from flat pool elevation 545 
(MSL) to approximately 543.5 (MSL) within 14 days. This will be 
accomplished by a 5,000 gallons per minute (gpm) pump. 
Alternative pump sizes studied were 10,000 and 2,000 gpm. The 
10,000 gpm pump would enable the refuge operator to draw down the 
refuge within 14 days during periods of extended high flow 
without utilizing gravity flow. The 2,000 and 5,000 gpm pump 
would utilize gravity flow to draw the refuge area down to 
elevation 545 feet (MSL) and then complete the drawdown to 
elevation 543.5 feet (MSL) within 14 days. The time increment 
for gravity flow from overflow elevation of 550.8 (MSL) to flat 
pool elevation of 545 (MSL) would depend upon river flood 
recession. A typical Mississippi River flood will recede 
approximately .5 foot per day. The Refuge area will drop at 
about the same rate as the river. Therefore pumping should not 
be initiated until the flood event passes and normal levels of 
approximately 545 to 546 (MSL) occur. Operating in this manner 
is economically consistent with a low operating budget, and meets 
Refuge objectives. The 5,000 gpm pump was the selected 
alternative based on being most economical within the desired 
14-day drawdown period. The 2,000 gpm pump would require 
longer running time and would limit the flexibility of the 
Refuge operator. 

The second pump was designed with the capability to raise and 
maintain the water elevation within the levee from elevation 
545 feet (MSL) to 547.0 feet (MSL) within 10 days. This will 
be provided by a 3,500 gpm pump. A smaller pump would require 
a longer time to fill the interior and larger size would be 
unnecessary for typical operating procedures. Table A-3 lists 
the number of pumping days required to raise the water level 
within the MSMU to selected elevations from flat pool elevation 
of 545 feet (MSL). The pumping days shown are conservative 
estimates because average rainfall was not considered. Studies 
indicate that evaporation during typical pumping periods is 
negligible. 
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TABLE A-3 

PUMPING DAYS REQUIRED 

FOR 3500 GPM PUMP 

ELEVATION 
ft. (MSL) 

546 

547 

548 

549 

550 

550.8 

DIVERSION DITCH DESIGN 

PUMPING DAYS 

3.5 

9.5 

17 

28 

43 

55 

The drainage ditch shown on plate 8 of the main report was 
diverted because of the objective of reducing upland erosion 
sedimentation from entering the project site. The ditch has a 
1.8-square-mile drainage area and was designed for a discharge of 
340 cubic feet per second, which is approximately the 2-year 
frequency flood and is consistent with the existing ditch 
capacity. The ditch cross section should have a 30-foot bottom 
width and 3:1 side slopes. A profile slope of .0025 ft./ft. was 
designed to match existing profile conditions as close as 
possible, as shown on plate 16 of the main report. A design 
flood will result in an average velocity of approximately 3 feet 
per second. 
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OVERVIEW 

UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT (R-4) 

ANDALUSIA REFUGE REHABILITATION AND ENHANCEMENT 

POOL 16, MISSISSIPPI RIVER MILES 462 THROUGH 463 
ROCK ISLAND COUNTY, ILLINOIS 

APPENDIX B 
WATER QUALITY 

Several water quality related factors bear on the suitabliity of 
the backwater complex to support valuable aquatic and semi-
aquatic species. These include the chemical composition of the 
water, the chemical and physical composition of the sediment, and 
the depth and availability of water throughout the year. 
Representatives of the Iowa Department of Natural Resources (DNR) 
indicated that water quality within Andalusia Slough is currently 
adequate to support the native fisheries during the summer 
months. However, under ice cover, conditions develop which 
result in periods where dissolved oxygen (D.O.) becomes depleted 
to the point where fish kills can occur. In fact, fish kills 
have been observed on several occasions during the early spring 
immediately after ice out. Although it is not known with 
certainty that the cause of these fish kills is low D.O., it is 
reasonable to assume that it is at least a contributing factor. 
As the entire backwater area is heavily laden with aquatic 
vascular plants during the summer months, it is easy to envision 
the decomposition of this organic material during the winter 
leading to low D.O. levels. 

In order to assess the existing water quality situation and 
predict the impacts of any enhancement efforts, a monitoring 
program was initiated in 1987. Water samples were taken every 2 
weeks during the summer and less frequently during the remainder 
of the year. In addition, sediment and elutriate samples were 
collected. These data provide the basis for the assessment of 
water quality within the study area. 

METHODS 

Ambient water samples were collected on eight occasions between 
January and September 1987. An attempt to collect samples was 
made on two other occasions, however, insufficient water depth 
existed to permit taking representative samples. on January 28, 
1987, samples were taken from the ice at locations R2 and R3 
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shown on plate 23 of the main report. On seven occasions, 
samples were taken from boat at the single location Al shown on 
plate 23. Due to the shallow water and abundant aquatic plant 
growth, it was not possible to collect samples during the summer 
from the immediate project area. The location selected was as 
close to the project site as water conditions would allow. Due 
to the l"ick of significant flow through the backwater area and 
rhe relAtive proximity of the winter and summer sampling 
locations, it is quite likely that little, if any, difference in 
water quality exists between the sampling sites. In all cases, 
grab samples were taken from immediately below the surface using 
a Kemmerer sampler. Field analyses (temperature, pH, D.O., 
specific conductance and secchi disk depth) were performed 
immAdiately, while the samples requiring laboratory analysis were 
appropriately preserved, placed on ice, and shipped the same day 
they were collected. 

Sediment and elutriate samples were taken at six locations on 
August 12, 1988. The locations are shown on plate 23 and 
coincide quite closely with the locations of the surface samples 
collected on January 28, 1987. Locations Rl - R3 were taken 
using a 48-inch coring device. The resulting cores were between 
24 and 36 inches in length. At locations Ll - L3, no water was 
present and the soil was quite dry and compacted. Samples at 
these locations were taken using a shovel and were from the upper 
1 to 2 feet of the soil. All water samples taken for the purpose 
of preparing the elutriate samples were collected and handled in 
the manner described above. All sediment samples were placed on 
ice and shipped to the laboratory the same day they were 
collected. 

Grain size analyses were performed in accordance with U.S. Army 
Corps of Engineers, Engineer Manual 1110-2-1906, Appendix V, 
November 1970. Chemical analyses were performed according to 
"Standard Methods for the Examination of Water and Wastewater," 
16th Edition, American Public Health Association, Washington, 
D.C., 1985. Elutriate samples were prepared by mixing 1 part 
sediment with 4 parts ambient water, shaking for 30 minutes, and 
allowing 4 hours to settle. 

RESULTS 

Results of all field and laboratory analyses are presented in 
tables B-1 through B-4. Table B-1 lists the results of grain 
size analyses of samples collected on June 21, 1988. It is 
apparent from the results that the sediment is very fine 
throughout the backwater area. For a complete hydrometer 
analysis, see appendix c. Table B-2 lists the results of all 
laboratory and field tests performed on ambient water samples. 
From the results it can be seen that D.O. concentrations are low 
during several weeks of the observation period. While levels do 
not fall below 4.0 mg/1, they approach this level and probably do 
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fall below this level during the night. The chlorophyll 
concentrations indicate that phytoplankton are quite abundant at 
certain times and probably contribute to fluctuations in D.O. 
concentrations. 

Even though samples were taken some distance from the actual 
project location due to access problems, water depth was still 
quite shallow and was barely adequate to permit reaching this 
point by boat. This was true despite the fact that the river was 
at or above flat pool each day that samples were collected. 

Table B-3 lists the results of bulk sediment analyses performed 
on samples collected on August 12, 1988. As can be seen from the 
data, all inorganic contaminants except total volatile solids 
fell in the range considered to be nonpolluted based on EPA's 
draft criteria for Great Lakes sediment. Total volatile solids 
undoubtedly exceeded the criteria due to the large amount of 
detritus present in the sediments. There is no evidence of large 
concentrations of soluble organic contaminants as seen from the 
fact that all pesticide concentrations were below the detection 
limits. 

Table B-4 lists the results of elutriate analyses performed on 
samples collected on August 12, 1988. As can be seen from the 
data, concentrations of most parameters were quite low. The only 
exception to this is ammonia nitrogen. Concentrations were 
observed which exceeded the general water quality standards at 
two locations. All pesticide concentrations were below the 
detection limits. 

CONCLUSIONS 

Based on field observations and analytical results, water quality 
within the project area appears adequate to support aquatic life 
during the majority of the time. During the summer there may be 
periods when D.o. approaches levels considered to be detrimental 
to certain fish species. This was observed during the study 
period, although no fish kills were observed. During the winter 
there may be ice and snow conditions, which, in combination with 
decayed organic matter, could develop into a "winter kill." 
Although this was not observed during the study period, it has 
been reported by DNR personnel. Results from the analyses of 
sediment and elutriate samples show no excessive concentrations 
of contaminants as compared with interim EPA criteria for Great 
Lakes Sediment and the State water quality standards, with the 
exception of ammonia nitrogen. Concentrations of this parameter 
should be viewed in light of the proposed mixing zone, and, if 
necessary, toxic effects can be minimized by coordinating 
construction with those periods when water temperature and pH are 
low. 
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Location 

lL 

lR 

2L 

2R 

3R 

3L 

TABLE B-1 

Grain Size Analyses 

Percentage Passing a #230 Sieve (<0.062um) 

98.2 

99.7 

93.6 

98.2 

83.6 

82.5 
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TABLE B-2 

Ambient Water Quality Results, 1987 

Date 
1/28 1/28 6/8 6/22 7/67/20 8/10 8/24 9/8 9/21 

Location 
R3 R2 Al Al Al Al Al Al Al Al Parameter 

Time 1030 1045 1030 1020 1025 0925 1055 1055 1025 1205 Ice Thickness (cm) 12.5 12.5 
Water Temp. ( C) 25.0 26.7 26.7 27.8 24.4 20.0 21.7 15.6 b:I Depth ( M) . 3 . 5 . 9 . 8 .7 . 6 . 6 .7 . 8 .7 I D.O. (mg/1) 15.4 23.2 6.9 4.3 5.7 6.6 4.4 4.7 4.5 4.9 

u, 

pH (units) 7.6 7.2 7.2 7.6 7.3 7.4 7.0 7.2 Sp. Cond. (umhos/crn) 436 472 408 381 410 381 475 369 Secchi Depth ( M) 1.5 2.0 2.0 2.0 2.0 2.0 2. 5 2.0 Sus. Solids (mg/1) 24 15 10 9 4 3 4 3 Chl. a (mg/cum) 46 12 14 6 7 10 8 5 Chl. b (mg/cum) 2 2 2 2 2 2 1 1 Chl. C (mg/cum) 4 2 2 2 2 2 1 1 Pheo. a (mg/cum) 18 13 6 8 4 4 4 2 



TABLE B-3 

Bulk Sediment Analyses, August 12, 1988 (mg/kg) 

Parameter Location 

Rl R2 R3 Ll L2 L3 
Arsenic (Total) 2.0 2.7 1.8 2.7 4.0 2.9 
Barium (Total) 74 67 62 98 88 94 
Cadmium (Total) <0.87 <0.69 <0.82 <0.79 <0.79 <0.68 
Chromium (Total) 12 13 12 17 19 13 
Copper (Total) 11 11 11 16 17 15 
Lead (Total) 6.3 6.3 5.2 17 17 15 
Mercury (Total) <0.019 <0.027 <0.025 <0.031 <0.026 <0.026 
Nickel (Total) 15 12 11 20 25 18 
Selenium (Total) <0.87 <0.69 <0.83 <0.79 <0.79 <0.68 
Zinc (Total) 67 64 63 91 94 78 
Ammonia-N 120 82 89 41 41 37 
Total Organic Carbon 7.5% 6.9% 7.7% 8.2% 8.3% 7.9% 
Oil and Grease 50 190 190 110 250 360 

tp Total Volatile Solids 9300 19500 13200 12600 4200 13300 I Aldrin <8.0 °' * <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * Chlordane <80 * <80 * <80 * <80 * <80 * <80 * ODD <16 * <16 * <16 * <16 * <16 * <16 * ODE <16 * <16 * <16 * <16 * <16 * <16 * DDT <16 * <16 * <16 * <16 * <16 * <16 * Dieldrin <16 * <16 * <16 * <16 * <16 * <16 * Endrin <16 * <16 * <16 * <16 * <16 * <16 * Heptachlor <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * Hepachlor Epoxide <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * Lindane <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * <8.0 * Methoxychlor <80 * <80 * <80 * <80 * <80 * <80 * Toxaphene <160 * <160 * <160 * <160 * <160 * <160 * 2,4-D * * * * * * 2,4,5-TP * * * * * * Total PCB's <160 * <160 * <160 * <160 * <160 * <160 * 

* ug/kg 



TABLE B-4 

Elutriate Results from August 2, 1988, Sampling (mg/1) 

Ambient Parameter Location Water 

Ll L2 L3 Rl R2 R3 R2 Arsenic <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 0.012 Barium 0.07 0.08 0.08 0.01 0.09 0.10 0.07 Cadmium <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 Chromium <0.009 <0.009 <0.009 0.01 <0.009 <0.009 0.03 Copper <0.009 <0.009 <0.009 <0.009 <0.009 <0.009 <0.009 Lead <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 Mercury <0.0001 <0.0001 <0.0001 <0.0001 <0.0002 <0.0001 <0.0001 Nickel <0.025 <0.025 0.03 0.12 0.06 0.03 0.03 Selenium <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 Zinc 0.03 0.09 0.11 0.11 0.09 0.11 0.04 Arnmonia-N 4.2 2.4 2.9 15 18 0.13 0.13 Total Vol Solids 530 450 420 580 640 420 300 
t,:j Oil and Grease 4.0 16 6.0 <2.0 32 <2.0 I TOC 48 47 16 1100 50 42 13 -...J 

Aldrin* <0.10 <0.10 <0.15 <0.10 <0.10 <0.05 <0.05 Chlordane* <1.0 <1.0 <1.5 <1.0 <1.0 <0.50 <0.50 DDD* <0.20 <0.20 <0.30 <0.20 <0.20 <0.10 <0.10 DDE* <0.20 <0.20 <0.30 <0.20 <0.20 <0.10 <0.10 DDT* <0.20 <0.20 <0.30 <0.20 <0.20 <0.10 <0.10 Dieldrin* <0.20 <0.20 <0.30 <0.20 <0.20 <0.10 <0.10 Endrin* <0.20 <0.20 <0.30 <0.20 <0.20 <0.10 <0.10 Heptachlor* <0.10 <0.10 <0.15 <0.10 <0.10 <0.05 <0.05 Heptachlor Epoxide* <0.10 <0.10 <0.15 <0.10 <0.10 <0.05 <0.05 Lindane* <0.10 <0.10 <0.15 <0.10 <0.10 <0.05 <0.05 Methoxychlor* <1.0 <1.0 <1.5 <1.0 <1.0 <0.50 <0.50 Toxaphene* <2.0 <2.0 <3.0 <2.0 <2.0 <1.0 <1.0 2,4-D* 
2,4,5-TP* 
Total PCB's* <2.0 <2.0 <3.0 <2.0 <2.0 <1.0 <1.0 

* Concentrations of all organics are expressed as ug/1. 
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LOCATION 

The Andalusia EMP Project is situated within the Upper 
Mississippi Wildlife and Fish Refuge, between river mile 462 and 
463. The site is bordered by Dead Slough directly to the north, 
forested loess-covered bluffs to the south, which are part of 393 
acres managed by the State of Illinois, Department of 
Conservation. The major part of Andalusia Slough continues to 
the east; and Drury Slough to the west. The project area lies 
within the Galesberg Plain section of the Central Lowlands 
Province. 

PHYSIOGRAPHY 

The topography within the project site consists of a series of 
sloughs and shallow backwater lakes. Site elevation varies from 
546-548 feet MSL (Mean Sea Level). Land surface configuration 
was originally controlled by the shape of the underlying bedrock 
surface. The Mississippi River valley is constricted from 
Andalusia to Muscatine with little or no flood plain. At the 
point of the project site, the valley is only about 1-1/4 miles 
wide. The area is known as the lower part of the "upper narrows" 
(Savage 1921). This narrowing is caused by the unusual thickness 
of Pennsylvanian age sandstone which the river runs across. On 
the valley walls, the erosional slopes are concealed by a mantle 
of unconsolidated material derived from slumping and landslides 
over underlying Pennsylvanian age shales. 

The presence of more resistant bedrock is indicated by the steep 
lower slopes of the valley bedrock. Maximum relief of valley 
sides adjacent to the project site is 100-150 feet (Herberg 
1956b) . 

BEDROCK 

The bedrock of the project area consists of Pennsylvanian age 
sandstones, shales, and coals, setting unconformably on top of 
Devonian age shale and limestones (Fitzgerald 1985). Middle 
Devonian age limestones outcrop 10 miles upstream in Buffalo, 
Iowa and in the near by town of Andalusia, Illinois. These rocks 
are almost horizontal and in general slope toward the southwest 
at an average rate of 10 feet per mile. Overall the Devonian age 
rocks are about 140 feet thick. There is a Middle Devonian age 
shale lying directly beneath a thick section of Pennsylvanian age 
rocks at Wyoming Hill, and outcrop about a mile downstream from 
the project site on the Iowa side of the river. Overall the 
Pennsylvanian age rocks are up to 150 feet thick; but at Wyoming 
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Hill, along highway 22, NE 1/ 4, Sec. 34, T77N, RIW, (Herberg 
1956b), the outcrop is about 100 feet thick, and consists of 
sandstones shales, and coals. 

l'Ll•:1 S'l'OCJo:NE /\ND RECENT DEPOSI'l'S 

Above, and to some extent within the Mississippi River, and 
tributary valleys are deposits of Pleistocene drift or till, 
loess, terrace deposits, recent alluvium, and dune deposits. 
Maximum thickness of these deposits do not exceed 100 feet around 
project area (Savage 1921) (Herberg 1956b). Pleistocene deposits 
resulted from the numerous advances and retreats of glaciers 
which blanketed this entire area. A road cut 4 miles upstream 
from the project site at Loud Thunder Forest Preserve, SW 1/4, SE 
1/4, Sec. 27, TT7N, R4W, exposes 43 feet of Pleistocene 
sediments. The outcrop includes 23 feet of Pre-Illinoian age 
tills, 8 feet of Illinoian age tills, and 12 feet of Wisconsinan 
age, Peorian loess (Herberg 1956b). 

In the Mississippi River valley at the mouth of the adjacent 
watersheds, the sediments consists of alluvial deposits. These 
alluvial deposits are unconsolidated glacial outwash sands and 
gravels on bedrock, with deposits of alluvial silts and clays on 
top. The outwash sands and gravels are of the Henry formation of 
Wisconsinan age, overlain by Cahokia alluvial silts and clays, 
Wisconsinan or Holocene in age (Willman 1970). Thicknesses of 
alluvial deposits along the Mississippi River from Le Claire, 
Iowa to Muscatine, Iowa usually varies from 15 to 45 feet (Savage 
1921). At the project site, borings were drilled no futher than 
30.5 feet and bedrock was not encountered. 

SUBSURFACE EXPLORATIONS 

Access to the project site was limited by surface water. During 
February 1987, eight primary borings A-87-1 through A-87-8 were 
taken. Borings A-87-1, 2, 5, 6, and 7 were obtained by hand with 
a 4-inch Iwan Auger. Borings A-87-3, 4, and 8 were obtained with 
a CME-45 drill rig using a 5-inch hallow stern auger. 

During January and February 1988, fourteen additional exploratory 
borings were taken. These numbered A-88-1 through A-88-14. 
Holes A-88-6 and A-88-8 were obtained by using 4-inch Iwan hand 
auger. The other holes were obtained using CME-45 drill rig. 
Locations of the borings and boring logs are show on plate 2 of 
the main report. The deepest boring taken with the drilling rig 
extended to a depth of 30.5 feet, approximate elevation 517.8 
feet MSL. 
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PERIMETER LEVEE EMBANKMENT 

The proposed perimeter levee as shown on plate 2 of the main 
report, is approximately 6 feet high, and approximately 8,600 
feet long. The purpose of the levee is to create a moist soil 
management unit with controlled water levels for wildlife habitat 
on the landside of the levee. The crown of the levee will be at 
least 12 feet wide for ease of construction and normal maintenance and 
operation. The side slopes of the levee will be 1 vertical (V) 
on 4 horizontal (H). From station 12+00 to 8+00 CE, the proposed 
levee will be wider (60-foot wide) compared to other reaches of 
the levee. This portion of the levee will be built with clay 
borrowed from the Dead Slough excavation. The majority of the 
excavated material from Dead Slough will be placed in the 
adjacent levee as a thicker, instead of transporting it to a 
disposal site. The typical cross sections of the proposed levee 
are shown on plate 18 of the main report. 

From station 12+21 C to station 25+18+CE, the side slopes of the 
levee will be grass seeded since a heavy timber growth is evident 
on both sides of the proposed levee. Therefore, it is 
anticipated that grass protection will be adequate against wave 
wash. From stations 25+18+CE to 29+18+CE, the profile of the 
levee will be placed on a steeper gradient than the natural river 
flood profile to ensure overtopping occurs from the downstream 
end. Therefore, both side slopes of the levee will be protected 
against the wave wash and current action by an 18-inch thickness 
of riprap with the following gradation: 

Percent Lighter~ Weiaht 

100 
50 
15 

Weight of Stone in Pounds 

150-400 
60-170 
15- 50 

A similar gradation used on various similar installations has 
served satisfactorily for several years. A bedding layer of 6-
inch thickness will be of the following gradation: 

U.S. Standard Sieve Size 

1 - 1/2 
3/4 
3/8 

No. 4 
No. 8 

Percentage Passing J.!!.y Weight) 

85 -
40 -
15 -

0 -
0 -

100 
85 
45 
20 

5 

The entire levee will be built with uncompacted impervious 
material lie, (ie, fill place by casting). 
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FOUNDATION FOR EMBANKMENTS 

The entire foundation beneath the proposed levee embankment will 
be stripped of vegetation and other deleterious materials to a 
depth of 6 inches. All top roots, lateral roots, and trees 
within the embankment foundation areas will be removed to a depth 
of 3 feet below natural ground surface. 

An extensive field investigation was made to ascertain the 
proposed levee foundation conditions .. According to borings which 
were pertinent to approximately 6 feet high perimeter levee 
foundation analyses, the foundation material consists of alluvial 
deposits. Boring logs are shown on plate 7 of the main report. 
The top stratum varies in thickness from 16 to 20 feet, and 
consists of normally consolidated impervious alluvial deposits 
(SC, CL, CL-CH, and CH). The moisture content ranges from 24 to 
37 percent for CL soils, 27 to 35 for CL-CH soils, and 29 to 48 
for CH soils. Borings A-88-8, A-88-9, and A-88-14 show that the 
top 1-foot consists of slightly organic clay with moisture 
content of 85 percent. 

The Atterberg limits testing was performed on the selected soil 
samples after throughly evaluating each soil sample. Atterberg 
limits testing reveals a range from 44/16 (liquid limit/plastic 
limit) to 44/18 for CL soils, 55/21 to 58/22 for CL-CH soils, and 
71/28 to 82/29 for CH soils. The standard penetration test "N" 
values recorded during the drilling operations for top stratum 
ranged from 2 to 9 blow counts, with average "N" values of 6. 
The shear strength of the top stratum based on standard 
penetration tests varies from 250 psf to 1,125 psf with an 
average of 750 psf. The pocket penetrometer tests were also run 
on the selected clay samples. The pocket penetrometer tests 
indicate a range in cohension from 250 to 1250 psf. 

The soils below the impervious substratum are found to be medium 
to fine sand (SP). The "N" values obtained for the sand ranged 
from 4 to 23, with average "N" values of 11. Detailed 
descriptions of the encountered materials are shown on boring 
logs, on plate 7 of the main report. None of these borings were 
extended to bedrock. 

FOUNDATION FOR OTHER STRUCTURES 

A water control structure near station 21+00 will be built as a 
part of the proposed project. The location of the proposed 
structure is shown on plate 2 of the main report. Boring A-88-3, 
32 feet deep was taken to evaluate physical characteristic of 
subsurface conditions. Detailed descriptions of soils 
encountered are shown on boring logs, see plate 7 of the main 
report. The boring does not show undesirable or soft material. 
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The unsuitable material which might not have been encountered by 
this boring will be replaced with appropriate fill. The 
replacement material will be placed and compacted to obtain a 
density equal to the adjacent undisturbed foundation. A 
dewatering system will be required to maintain the excavation 
area in dry condition. Foundation design details of the proposed 
structures are given in Appendix D. 

Borings have not been completed due to site change location of 
pump plant. Therefore, two additional borings will be taken 
prior to final design to determine engineering properties of the 
soils underlying the pump station foundation. 

GROUNDWATER 

Water level observations were monitored during the boring 
operations and are noted on the boring log as shown on plate 7 of 
the main report. Based on these observations the ground water 
levels encountered in the vicinity of the proposed embankment 
area approximately from station 4+00 to 21+50 were found to be 
fairly consistant from hole to hole. The depth at which water 
was located ranged from 2 to 3 feet; from elevations 544.5 to 
545.5 feet MSL. From approximately stations 21+50CE to 31+00CE 
(end of the levee) the ground water was found to be .2 to 1 foot 
above the ground surface; from elevations 545 to 546 feet MSL. 
The water levels should be expected to fluctuate with changes in 
climatic conditions and river levels. 

SUBSURFACE CONDITIONS AT EXCAVATION SITES 

REFUGE DREDGING/DITCHING. Refuge excavation/ditching is proposed 
as shown on plate 18 of the main report. The site indicates 
removal of 2 to 4 feet of soils, which will have a width of 50 
feet. Borings A-87-4, A-88-2, and A-88-13 were taken to identify 
the subsurface conditions and the engineering characteristics of 
the encountered material at the proposed site. 

Borings revealed the presence of about 4 feet of very soft clay 
(CH-OH, CL, CH). The moisture content varied from 43% to 71%. 
This is underlain by medium clay (CL-CH). The moisture content 
varied from 32% to 37%. A detailed description of the 
encountered material is shown in the logs of soil borings on 
plate 7 of the main report. 

C-5 



DEAD SLOUGH EXCAVATION. Dead slough site will be located 
approximately 40 feet from riverside toe of the proposed levee as 
shown on plate 18 of the main report. The site indicates the 
need for removal of 6 to 9 feet of soils, which will have a width 
of 60 feet. Borings A-88-10 and A-88-11 were considered 
pertinent taken to determine the various soil profile components 
and the engineering characteristics of the material for dredging 
the dead slough. A typical soil profile of this site consists of 
very soft clay. The average water content was 98 percent, with a 
range of 98 to 107 percent. A detailed description of the 
encountered materials is shown on the logs of soil borings on 
plate 7 of the main report. 

SLOPE STABILITY 

The proposed levee near station 28+50 CE is found to be most 
critical for slope stability analysis for end of construction 
condition. The stability of slopes was analyzed by the Modified 
Swedish Method for a circular Arc Slope Stability Analysis in 
accordance with EM 1110-2-1902, "Engineering Design Stability of 
Earth and Rockfill Dams," dated 1 April 1970. 

A sudden drawdown and steady seepage conditions were not 
evaluated since high water levels will be of such short duration 
that saturation of uncompacted impervious embankment cannot occur 

. and the Mississippi River low water level will not impose any 
seepage pressure on the levee. 

A range of extremely conservative shear strengths (Q) was assumed 
for the most severe configuration of embankment and foundation, 
to estimate the stability of the embankment. These valves are 
shown on plate C-1 and are based on tests and samples from other 
projects with generally similar soils and construction. 
Successive trails of various sliding surfaces were analyzed and 
determination of the critical failure arc having the lowest 
safety factor was made. The summary of the slope stability 
analysis and the solution of the most critical arc appears on 
plate C-1. The computed minimum, safety factor of 2.3 for end of 
construction condition exceed the 1.3 required by EM 1110-2-1913, 
"Design and Construction of Levees," dated March 31, 1978. 
Therefore, no slope stability problems are expected. 

UNDERSEEPAGE 

The underseepage analyses for the proposed is based on a thorough 
study of thickness and permeability, engineering characteristics 
of the impervious stratum and the pervious substratum, in 
addition to the extent of the riverward and landward top strata. 
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Case 2 (EM 1110-2-1913)-Impervious Top Stratum Both Riverside and 
Landside was considered appropriate since 15- to 20-foot thick 
top stratum appears to exist on the both sides of the 
approximately 6 feet high levee, and continuing infinitely on the 
landward side. For such a condition seepage will not occur 
through the landside top stratum; therefore, underseepage and 
berm analyses were not made. 

SETTLEMENT 

The proposed levee, from approximately station 23+00CE to 30+18CE 
is found to be most critical with respect to settlement. A study 
at station 28+50 was selected for analysis, where the levee is 
approximately 7 feet high. 

The foundation, in this reach of the levee consists of a 1-to 2-
foot thick layer of very soft organic clay. The soil below the 
soft clay consists of clay of a higher shear strength and a low 
compressibility. It is anticipated that the very soft clay will 
be displaced during the construction of the levee by stronger 
fill material. Therefore, a 9-foot high levee is considered 
appropriate for the settlement analysis. The 9-foot high levee 
will impose a maximum load of 810 pounds per square foot on the 
15-foot-thick alluvial clay top stratum foundation. A settlement 
analysis conforming to Joseph E. Bowles "Foundation Analysis and 
Design," 3rd edition, 1982, indicates total settlement to be on 
the order of 14 inches, as shown on plate C-3. In order to 
anticipate the unexpected settlement, a shrinkage allowance of 24 
percent of the levee height will be provided in the 
specifications to allow for any consolidation of the embankment 
and settlement in the foundation. 

BORROW MATERIAL 

The borrow material will be removed from areas as shown on plate 
18 of the main report. The source of the borrow site location 
was determined to be as close as adjacent to the levee toe. A 
40-foot width berm will be left in place between the toe of the 
levee and near the edge of borrow site to ensure levee stability 
and to facilitate construction. According to borings which are 
pertinent to borrow areas, the borrow material consist of very 
wet soft clay, exceeding the liquid limit. The moisture 
content varies from 43 to 107 percent. Atterberg limits testing 
reveals a range from 71/28(liquid limit/plastic limit) to 82/29. 
These borrow areas are economically feasible source of material 
to construct the uncompacted levee. Because it involves a short 
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or no haul distance and is conducive to dragline operation. Due 
to the soft nature of the borrow soils, care will be required in 
excavation and placement to insure the soils will stay in place 
on the slopes. 

A dragline will be used to excavate and place the material. 
Excessive displacement of the excavated material should be 
expected due to very soft material of low strength and standing 
water. The material placement will require gentle laying of the 
excavated material from bottom to top to minimize the _ 
disturbance. The excavated material will be left inplace for a 
period until it regains strength. The excavated material will 
not be stockpiled higher than the height of the proposed 
embankment or the embankment will be constructed in multiple 
stages. 
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ANDAUJSIA EMP 
ANDAUJSIA, ILLINOIS 

SETI'LEMENT ANALYSIS 

..-t,------------8?. f_t_. _________ __ 

t-- Lt ft. 

4 / PROPOSED 4 

Layer 1 

Moisture Content= 36% 
Ave. LL/('WL) = 11 '6 

Specific Gravity (Gs)= 2.7 
e 0 = W3s = .36(2.7) = .972 

1 -~/ LEVEE EMBANKMEN1' 1 9 ft. Layer 2 

7 ft.i 
i 

f 
i 

10 ft.! 

~m = 90 p.c.f. 

5 ft. 
-x@ lsat = 123 p.c.f. 

P = Stress exerted by the 7 ft. high embankment 

Ave. .Moisture Content (Wn) 
= 28% 

Ave. LL/(WL) = '14% 
Specific Gravity (Gs)= 2.7 
e 0 = W3s = (.28) (2.7) = 0.76 

P0 = Initial stress at the center of the carpressible layer 
, t\P 0 = Change in stress in carprcssible layer due to applied loading 

C = Canpression Index 
C 

e 0 = Initial void Ratio 
H = Thickness of carpressible layer over which settlement is being calculated 

Cc= .30 (e 0 -.27): _Ref. Physical & Geotechnicial Properties of Soils by Joseph E. 
Bowles. :·· 

C = .210 (layer 1), C = .147 (layer 2) 
C C 

Cc= .009 (lJ.,-10): Ref. Soil Mechanics in Engineering Practice by Terzaghid & Peck 
Cc= .549 (layer 1), Cc= .306 (layer 2) 
Use C = .37(e 0 + .003WL + .0004Wn - .34), C = .318 

C C 
(layer 1), C = .208 (layer 2) 

C ! Ref. fnd. Analysis & design by Joseph E. Bowles. 
Bowles which has a reported 86% reliability. 

It is recamended by Joseph E. 

_j 
t·~/. r·: F'orn, 

'/\uu 8U 381b 
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Suhjcct 
ANDALUSIA EMP ANDALUSIA, ILLINOIS 

sz GC 
I Checked by 

__ c-.cc.c:-:-·,c:::-_:~c;::=c:..::·===========-====== 

Po: 

,._. p 
0 

@ 

@ 

s = 

mid 
mid 

depth of 
depth of 

@ layer 1 

@ layer 2 

C 
C 

1 + e 
0 

Depth 
(ft.) 

0 

7 

17 
-· 

layer 
layer 

3.5 

10 

No. 
No. 

1 = 3.5(116-62.4) = 188 p.s.f. 

2 = 7(116-62.4) + 5(123 62.4) 

Boussinesq coefficient* h * m. 
(.982)*(9)*(90) = 795 p.s.f. 

Boussinesq coefficient* h * m. 
(.861)*(9)*(90) = 697 p.s.f. 

p + p 
0 0 

p 
0 

l 

C p p H s 
C 0 0 (ft.) (ft.) (p.s.f.) (p.s.f.) 

.318 188 795 7 .81 

.208 678 697 10 .36 

= 678 p.s.f.; 
I 
I 
' ' 

TOTAL SETTLEMENT= 1.2 ft. 14 inches 
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r ,- ·- - --+--+----++-l++-+--+-+---1---+-t-t-rt-·t-1-r----r--- i _ + _ -· 

201+-t-t-t-·-t--t-i--1---,ti, / __ ~- _ 

++----¼--l-----+tt+t-+-+--t-~---11-r:M-r-rT- +----.. .-,r---.-i-1 · 
i 

10 l++--t-++-+-~-~--++++-+--+-+--+--+---ti-t-HH-t-1-,---rrnTT 
I 

ollll_l_j__J_L_L __ _j_lJJ_LLl__-1.. _ _1 ___ ~1..LlL.l._L~oL5-1-.J __ L ___ o~1LL..L~o~.0~5...1--1.._--1. __ --;o~.0~1..J.....J'-'--o~.00~~5--'------~o~.001 
100 50 10 - · 

Grain Size in Millimeters 

GRAVEL SAND 

Coarse Fme Coarse Medium Fine 
SILT or CLAY 

GRAIN SIZE DISTRIBUTION CURVE 

Sample Depth Unified Natural LL PL Pl 
No. or Elev. Description Symbol WC 

1 2.5' to 
3.5' 

ProJ&t Andalusia Refug 

.t::. 
0, 

>, 
.c 
Cl> 

"' :a 
0 u 
c 
Cl> 

Cl> a. 

;.'--____ ca_1_1 _#_10_0_2 _{_1a_M_ar_a_n _______ Jo_b N_o_. 0_1_a6_1_o_aa_o __ D_at_e _4_-i_o_-8_7 ______ Terracon _J 
Form 124 



1: 
CJ) 

}; 
ai r:: 
ii: 
'E a, 

l 

Boring 
No. 

A-5 

U.S. Standard Sieve Openings in Inches U.S. Standard Sie"9 Numbers Hyaromeler 

3 2 11/z 1 ¾ ½ \ 3 4 8 8 10 14 16 20 30 40 50 60 70 1'IO 140 200 270 100,,....,;,...--,-;,::.--~:...-.l.!..._~11~___;1~~1rr-rA-----,~,~-;.,.,~,~~~,~~,rr1~1----;.;-~,'r----r-~,71n-~-;s......:.:;;:.,.,~~~,,T-T~1r-1r---n-rr-:--11r __ -~r----:--•-------_, 
----+-++-+--+-+--+---+---+---+++-+-+-+---+-+---t------t-t---t-t--J,'l'i'~'l-t----t----1i------,i-------- -- +- -- ! ; 

90 t--t--t-i---t---+----J--~-----+--l--++l--lc--l--+---+----+l-+-H-+-+----f-----f---++++++i-r..i.;.:.t,._;,+_--t------ttt--t711-,--:------
' i..._ J 

80 

70 

60 

50 

40 

30 

20 

0 

0 

H-rr--i--Hi----li----+--------+-+++++-+-+--+---++++--+---1-+--+-+----t-tt-t-t---i-r~,+~----t--t-1-t-1-.-----,-,l--,i---- -- --
-·--~- ~-,I- r --,-

"' 1 -~--l-----+---++H+-+-+--+-----+----H+t-f--+--t-t---t--t-l+t-H----t-t----1r~ '---rt-r11 t---t------+------, -~ 
! t----+--t-t--i--f--+-+---+-----t--t--1H----t--t-----t--r--r--- --1+~-+--+-+--+--+-------""',H-t-t---t------r---t-··--r---r ----- - -

,-

-,- - ~- ------

-~ ~-

) I 
'\ I l---l---++----l----+--+-----1f---l-----t--1~+--+-+--+---4--++-H-f--+--+-+--+-------l++-t-+-H-t--t------H---rtt---tj;~7--f--

r. 
I\ ! 

-- . 

\ 
-+---+-+-+-+--+--t- +--1-----+---+++-+--t-+--+--+---+-----+t--H------t--t--t-------t----t--- ++++-1----t--+---tl\-"-:'\.--t----·--

-l--+4-l---4-1--+--+------1--++4-~-1--4--+---+--H+-+-+---+-+-+---1~f-++-+-+-+---t----1H-tt-t--t--t----t-""'-t~------
++++.-ji--!-j~+---+----+-++-+--t--+--t----t---+-----t-t-1rr-t---t----t·· -+--+----,-,-..-.-~~~-,----~--

r-

l+-t++-+--+--+--+---1-+-t+++--+-+--+---+++--t-+-+--+--+---t-----tt-H----t---t-------t-t--t---11,-M"-r-r-i --+---- --

H-H-+-+-+--+---+---j-+t+-+--+-+--+---+----t-H--+-+-lt--~ -t---+----t-t----t--t--1--t-----1e------r-----r-----r,r-i--+----r---r-i----- r-----
I 

' 

100 50 10 5 1 0.5 0.1 0.05 0.01 0.005 0001 
Grain Size in Millimeters 

GRAVEL SAND 
SILT or CLAY 

Coarse Fine Coarse Medium Fine 

GRAIN SIZE DISTRIBUTION CURVE 

Sample Depth Description Unified Natural LL PL Pl No. or Elev. Symbol WC 

1 3• CH 61 27 34 

Project Andalusia Refuge Emp 

i 

______ ca_1_1 _u_1_00_2_( IB_B:Ma:r:8-7_}:=========-Jo_b_No_. _o_zs_6_10_8811_ ___ ______ Terracon --
Form 124 



US. Standard Sieve Openings in Inches US. Standard Sieve Numbers Hydrometer 

3 2 1½ 1 "' Y, 11, 3 4 6 8 10 14 18 20 30 '° 50 60 70 100 140 200 270 
100 I II I I I I I I I I I I I I I I : I I l I 

I : ~-------·----

I I I 
I 

90 
-- --~---

80 
I",; I 

- -r-r- -- ,---,_T ---
I~ 

Y-
70 - - - - ·----

-"-. 

' 
:c 

:c 0, 

80 'iii 
0, ,-..-,- s: 

----- --- >-..... .a 
>-.a 50 ' 

Q) 

qj I!! ... --- <11 
C .:"'<:') 

. -- 0 u: u 
c 40 I::. c 
Cl) Q) :... 

if ' Q) a. 
30 t-------- -

' --t'B--- -
20 ,-

10 

0 
100 50 10 1 0.5 0.1 0.05 0.01 0.005 0.001 

Grain Size in Millimeters 

GRAVEL SAND 

Coarse Fine Coarse Medium Fine 
SILT or CLAY 

GRAIN SIZE DISTRIBUTION CURVE 

Boring Sample Depth Description Unified Natural LL PL Pl 
No. No. or Elev. Symbol WC 

A-5 3 7 I Specific Gravity = 2.654 CL 46 16 30 

Project Anda 1 us i a Refuge Emp 

_____ ca_1_1 _#_2_00_2_o_a_Ma_r_a_n ______ J_ob_N_o_. a_z_a_6_1o_a_ao __ Da-te __ 4_-1_3_-a_z ______ Terracon --
Form 124 



,, 
r-
)> 
-t 
m 

E 
Cl 

>-
.0 

Q) 
C: u:: 
E 
G) 

I:! 
Q) a. 

Boring 
No. 

A-2 

U.S. Standard Sieve Openings ,n Inches U.S Standara S1e"e Numbers Hydrometer 

3 2 ,.,., 1 ¼ V, \ 3 4 I I I I,' I I I - - ----- +: '.. ', L' r ri!.-r,;~~,...;---:---P-~rrTll,r~6n~8710~T14~16½-~2rOTT30~--i4~0750~60~70~1J00~_!,;14~0TI2001rf2f70~-,-,---'::f1JJ===~---~l 
100 I I' I I I I I / __6 I 'I r-- -- - - : ' • j -i--,--,--~--

\ : I I i -.-,-~ --,- -

90 W--l+f-+-++-t----+WH--r-1,---r--1 H-~+--+-+--+--\_\--1H-ti1111==~==~-r1rM-r-,1:-',T, · i --r- --

\ L ,-
eoW--J+l-+-+--+-+----i--ii-t-1h-t-t-,----- H--++-+---J--1~---,rn,7T ,--,----

10 -r- +++-t--t----1rtt-t-t-11-r-,---n 
.· ..., 

60LLU-L-W-i--+--+t+++-H-+-t--tttttt-H,-mti\1[\~rT 

50~-W-W+-+----+H+++++-+--tttt-t-t-t--t-t----mm-r~~r-,---- -----+--t-t--t---r---r-.----,--, 

40 

JO t.·-r-.,--r-.--. 

10 r--t--+-~~+--++-l-+-H-+-+-+----iitti-t,-t--r-,m'f1117-
rr 

GRAVEL SANO 

Coarse Fine Coarse Medium Fine 
SILT or CLAY 

GRAIN SIZE DISTRIBUTION CURVE 

Unified Natural LL PL Sample Depth Description Symbol WC No. or Elev. 

2 4' CL 34 17 

Pl 

17 

Q) 
Ill 
ni 
0 
0 
c 
Q) 

I:! 

Project Anda l us j a Refuge .tJLIµ._ ____________________ _ 

Call #7002 (18Mar87) ··-- Job No. 07861088D Date 4-10-87 Terracon __ 
\...... ___ -_-'-_-_-_-_-_-_-_~_-_-_-_-_-_-_-_.:_--__________________ _ 
Form 124 
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,, 
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: .., 

VE~. TU~i= U:"1§~ 
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o.15 (/ s-,5)( 8-~)(8.sa') 
a. 75" ( i Su')( S ,r.::,.:,) ( 8. £',.)) 
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'1J~L'=> 1 .a~ ( 1 ~ 0'>(zo .50)( J 5,ei,7) 48, I 85 
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The University of Iowa 
Iowa City Iowa 52242 

Civil/Environmental Engineering 
Environmental EngiM""'~ IJat,oN!k>fWiS 
105 Water Plant 

-,,r:- S-177 
(319) ·--

Corps of Engineers 
Rock Island District 
ATTN: CENCR-ED-DG (Holmes) 
Clock Tower Building 
P.O. Box 2004 

December 24, 1987 

Rock Island, Illinois 61204-2004 

Dear Mr. Holmes: 

Enclosed are the results of the third set of settling column 
analyses completed in December. Table E-1 is the data 
obtained using the bulk sample from location 1. This sample 
was loaded at a concentration of******, which is 
equivalent to 145 grams/liter dry weight. Table F-1 was 
obtained from the bulk sample from location 2, with a 
loading concentration of*********, which is equivalent to 
145 grams/liter dry weight. 

If you have any questions please let me know. 

J. 1<ent Joh~\on, Ph. D 
Laboratory Director 
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Table E-1 ' 

k_t!.-H!r.!A~ 4 
SEDIMENT STUDY t 
DECEMBER, 1987 B•r-"'9 A-- ,I?-~ 

Typ &JH- S't'J// 
SN1PLE 1 S·"I -Jo ,,, .. .,-1,,, 

TIME SN'1PLE PORTS ' 0 
N·,, ., J,,r-'.' 

(HRS) A B C D E F G < " - ,. ~-· , Y..I,: /0 
I 

0 128.3 129.1 123.2 126.0 123.0 121.4 119.9 ·7 9io 

.5 123.0 118.2 119.6 123.2 114.0 127.7 156.4 
1 1245 123.4 118.2 128.6 I 19.8 132.3 I 81.7 
2 6.3 116.3 115.0 117.6 120.6 174.0 216.0 
4 1.2 7.4 96.2 114.6 126.6 233.6 232.5 
6 1.8 2.9 3.2 145.9 248.0 287.0 252.7 
12 0.4 0.4 0.5 0.4 273.0 295.0 263.6 
24 0.4 0.6 0.5 0.6 283.0 321.0 300.0 ?. 

DAY 
2 0.2 0.2 0.2 0.2 0.3 334.1 318.7 
3 0.1 0.1 0.1 0.1 0.2 364.0 374.1 
4 0.1 00 01 0.1 0.1 355.5 422.0 
5 0.0 0.1 0.1 0.0 0.1 225.6 ~477 l 1'2. 

10 0.0 00 0.0 0.0 0.0 0,3 4M /to';' 

15 0.0 0.0 0.0 0.0 0.0 0.0 -
...... --------- --~-

** SAMPLES WERE TOO CONCENTRATED TO RUN SUSPENDED SO'LIDS. 
THE PERCENT DRY WE I GHTS ARE AS FOLLOWS: 

TIME PORT PERCENT DRY WEIGHT 
(DAY) 

5 G 36.8 
10 G 37.2 
15 G 32.5 
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Table E-2 
SEDIMENT STUDY R~+~r fin CE" 
DECEMBER, 1987 Berutt A- t,7-'2. 

'VP ,Q_ ~o~/ 
SAMPLE 2 ~c '$/ .. JI ,o lit•'"'""' ,------r G . -

TIME SAMPLE PORTS I I/.~~ r;_ ,..',>r C.? , (HRS) A B C D E F G : Co .,J.,,r-t 1 •,; ·~ \1 · 
I 

138.4 r~r ------0 136.4 132.0 135.2 129.4 133.9 -1r7 
.5 133.8 132.9 i27.1 124.6 126.0 139.8 141.8 · 
1 116.5 128.0 124.0 136.4 130.5 130.1 140.8 
2 122.1 124.7 121.9 129.6 126.9 133.6 . 135. 1 
4 104.3 112.8 117.0 126.1 126.8 129.91201.8 
6 0.8 117.4 122.8 124.5 127.1 131.6 247.1 
12 0.3 0.4 116.7 117.7 120.7 203 I I 264.9 
24 0.2 0.3 5.0 15.9 216.5 241.2 ' 297.0 7-9'1 

DAY 
t 2 0.1 0.2 0.2 0.2 241.4 229.2 292.3 

3 0.1 0.1 0.1 0.1 233.8 255.2 300.8 
4 0.1 0.1 0.1 0.1 218.8 226.8 291.1 
5 0.1 0.1 0.1 0.1 221.5 221.8 316.7 ~L··, b 
10 0.0 0.0 0.0 0.0 0.4 260.9 · 333.2 ?..\g °Z. 

15 *0.0 0.0 0.0 0.0 0.0 0.0 - S-(o~ 
I ,3v. 

* THIS SAMPLE WAS TAKEN FROM THE SURFACE OF THE WATER COLUMN. 

** THE SAMPLE WAS TOO CONCENTRATED TO RUN SUSPENDED SOL I OS. 
THE PERCENT DRY WEIGHT OF THE SAMPLE IS 42.0. 
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UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT (R-4) 

ANDALUSIA REFUGE REHABILITATION AND ENHANCEMENT 

POOL 16 
MISSISSIPPI RIVER MILE 462 to 463 

Rock Island County, Illinois 

APPENDIX F 
MECHANICAL AND ELECTRICAL CONSIDERATIONS 

Purpose and Scope. The purpose of this appendix is to present 
preliminary design for the pumping station development at the 
Andalusia Refuge. Pump manufacturers' engineering information 
for standard catalog units were used to develop the design 
presented in this appendix. Pump sizing and layout are based on 
the efficient operation of the station and ease of normal 
maintenance. 

General. One pumping station containing two submersible 
propeller type pumps is proposed for the Andalusia Refuge. The 
pumping station will serve a dual function; discharging interior 
drainage from the protected area to maintain constant water 
surface elevation during the drawdown cycle; to discharge river 
water into the protected refuge during the waterfowl migration 
seasons for the purpose of creating as large a surface area as 
possible. 

The pumping station will be located on the downstream end of the 
moist soil unit protected from the main channel of the river and 
associated debris. The pumping station will be constructed 
integral with the levee river toe section. The levee fill will 
be placed, allowed to naturally consolidate for approximately 
three months and then excavated for the pumping station. 

Pump units are sized to complete the drawdown period within a two 
week period. Pump operation will utilize automatic controls for 
setting and maintaining water elevation within the moist soil 
unit. The power and control panels will be housed within the 
pumping station super-structure and will be protected from 
condensation damage with unit heaters. 

Pump and motor removal can be accomplished through secured sealed 
manhole accesses exterior of the pump station super-structure. 
Hand-cleaned trash racks are provided at both intake and 
discharge ends for maximum protection of the pump impellers 
against debris. The superstructure will have gravity ventilators 
and louvers for air circulation. Design of the station is based 
on the Hydraulic Institute Standards, 13th Edition, 1975, and on 
applicable sections of EM 1110-2-3102, 03, and 05. 
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Station Features. This station is fed by a new 48-inch 
reinforced concrete pipe from the moist soil unit passing through 
the levee section and by a pump forebay section from the 
Mississippi River. A sump divider wall separates the two pumps 
up to elevation 551.0. A slide gate in the divider wall permits 
gravity flow between the moist soil unit and the Mississippi 
River. Stoplog slots will be provided at each end to facilitate 
sump dewatering for maintenance purposes. Gate closure of the 
gravity outlet occurs for water management operation, at which 
time the required pump is energized manually, with further 
control being automatic through the float system. One 24-inch, 
5,000 gpm submersible pump of axial or mixed flow type will be 
utilized for pumping from the moist soil unit and one 24 inch 
3500 gpm submersible pump of axial or mixed flow type will be 
utilized for pumping from the Mississippi River. Discharge of 
both pumps will be piped over the sump divider wall into a 
stilling basin that directs flow by gravity out to the river or 
moist soil unit respectively. Access to the sump area will be by 
ladder through removable floor hatches at the operating floor 
level. System head computations and curves and example pump 
selections are shown on plates F-1 through F-11. The estimated 
operating energy cost of $1200 per year is computed on Plate 
F-18. 

Control Sequence. The sluice gate of the pump station should be 
operated in an open position except during periods of moist soil 
unit management by Illinois Department of Conservation personnel. 
During desired drawdown periods, the sluice gate should be closed 
and the pump station activated for drawdown purposes. The pump 
station must be manually activated but will automatically turn 
off at low water level of 542.0. The float control system will 
automatically turn the pump on at elevation 542.5 to maintain the 
542.0 drawdown elevation. 

When it is desired to pump from the river into the moist soil 
unit, the station must be manually activated and will continue 
pumping automatically until elevation 547 (which can be 
adjustable to elevation 550.8, the elevation of the levee 
overflow). Pumping will be at a slower rate of approximately 
3500 gpm to permit a slow filling of the moist soil unit. 

Electrical. The two submersible pumps at the station will be 
operated with electric motors. Power will be provided by the 
Iowa-Illinois Gas and Electric Company of Davenport, Iowa. Iowa-
Illinois Gas and Electric Company has fossil and nuclear 
generating plants, is interconnected with many other utilities, 
and is considered to be a very reliable source of power. Two 
high voltage power systems are available within the area, 13 KV, 
3 phase and 7.6 KV single phase. The nearest 13.2 KV, 3 phase 
connection point is at the switchgear in Illinois City, Illinois, 
thereby requiring construction of 3-4 miles of new power line. 
The 7.6 KV, single phase line can be tapped within one-half mile 
of the site bringing to conclusion that power to the pump station 
be tapped from the 7.6 KV line, transformed down with a 37.5 KVA 
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transformer to 480 volt and converted to 3-phase, 480 volts using 
a power phase converter located at the pump station location. 
The high voltage line will span the+ 150 feet of levee from high 
ground to the east wall of the pump itation. The transformer and 
power ph&se converter will be mounted on the pumping station 
roof. Local ownership of the power service will be on the low 
voltage side of the transformer near the pump station. The 
Government, through its contractor, will pay for connection 
charges including powerline, transformers and power converters, 
and the Iowa-Illinois Gas and Electric Company will own and 
maintain the high voltage service. 

The pumping station will have pump motor loads of approximately 
8 KW and 18 KW and motors of 10 hp and 25 hp, one motor of about 
3 hp to operate the sluice gate, and a circuit for one motor of 
about 3/4 hp for the sump pump. A power control panel will be 
located within the pump superstructure, will house a 480/240/120 
volt transformer for lighting, receptacle and the control 
circuitry. 

Short circuit analysis for the station is shown on plates F-12 
through F-17. Electrical schematics are shown on plate 22. 
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UPPER MISSISSIPPI RIVER SYSTEM 
ENVIRONMENTAL MANAGEMENT PROGRAM 

DEFINITE PROJECT REPORT (R-4) 

ANDALUSIA REFUGE REHABILITATION AND ENHANCEMENT 
POOL 16 MISSISSIPPI RIVER MILES 462 TO 463 

ROCK ISLAND COUNTY, ILLINOIS 

APPENDIX G 
SEDIMENTATION STUDY 

A sedimentation study was conducted to evaluate sedimentation in Dead 
Slough and in the Refuge area during the period 1936 through 1987. The 
scope of this study, as presented in this appendix, consisted of deter-
mining net erosion from 1936 (pre-lock and dam) through 1987, estimating 
annual adjacent watershed erosion/deposition, evaluating estimated river 
source sedimentation, and evaluating proposed project impacts on sedimenta-
tion. 

Baseline elevations were established from 1936 plane table topographic maps. 
Additional sections were taken by survey crews during 1987. Eleven ranges 
were used to construct cross sections of this area. Elevations in 1936 
were compared with present elevations in 1987 to show net changes in eleva-
tion. Table G-1 provides a sununary of net sedimentation. 

The two predominant sedimentation sources are the Mississippi River and 
upland erosion. Adjacent watersheds were studied to estimate approximate 
soil loss from these areas. Estimates were derived from the Universal 
Soil Loss Equation, reference: Predicting Rainfall Erosion Losses, USDA, 
Handbook Number 537, December 1978. Estimated adjacent watershed erosion 
is presented in table G-2. 

G-1 



Range 

A 
B 
C 
D 
E 
F 
r, 
H 
I 
J 
K 

OVERALL 

Watershed 

A 

B 

C 

D 

Total 

TABLE G-1 

Andalusia Refuge and Dead Slough Total Sedimentation 

Total Sediment 
Deposition in 

Andalusia Refuge & 
Dead Slough 
1936-1987 

Average 
Average Annual 
Depth, Depth, 

Station Ft In/Yr 

15+15 2.1 0.49 
23+75 2.3 0.54 
3o+75 2.5 0.58 
38+25 1.7 0.40 
45+75 1. 7 0.40 

2+75.15CE 2.2 0.53 
4+55.62CE 2.3 0.54 
8+88.12CE 2.4 0.56 

12+70CE 2.5 0.58 
16+16.26CE 2.2 0.52 

20+75CE 2.2 0.52 

2.2 0.52 

TABLE G-2 

Estimated Sediment from Adjacent 

Watershed 
Gross Erosion 

Area, 
Ac T/Ac/Yr T/Yr Ac-Ft/Yr 

519 13 6,800 3.9 

774 16 12,000 6.9 

208 10 2,100 1. 2 

1,152 13 15,000 8.6 

2,653 35,900 20.6 

Dead Slough Sediment 
Deposition, 1936-1987 
Below Elevation 545.0 

(Flat Pool) 

Average 
Depth, 

Ft 

2.9 
3.8 
2.7 
3.9 
4.2 

Watersheds 

Delivery 
Ratio 

1/ 

.55 

.55 

.65 

.48 

Annual 
Average 

In/Yr 

0.68 
0.90 
0.63 
0.91 
1.00 

0.82 in/yr 

Sediment Yield 2/ 

3,700 

6,600 

1,400 

7,200 

18,900 

Ac-Ft/Yr 

2.2 

3.8 

0.8 

4.2 

11. 0 

1 Reference: "Sediment Delivery Ratios vs. Drainage Area," USDA, Soil Conserva-
tion Service, drawing number 5, N-30,509, dated October 1970. 

2 Sediment Yield= Gross Erosion x Delivery Ratio. Sediment yield is the portion 
of the gross watershed erosion that actually reaches the watershed mouth. 

G-2 



Net river sedimentation was estimated by subtracting the adjacent watershed 
sedimentation (table G-2) from the net sedimentation (table G-1). Results 
of this comparison and potential reductions in sedimentation due to proposed 
project features are presented in table G-3. 

TABLE G-3 

Comparison of River Versus Upland Erosion Sedimentation 

Sediment Reduction into 
Andalusia Refuge Due to 

Existing Conditions Proposed Project 
Sedimentation 

Source Ac-Ft/Yr % Ac-Ft/Yr % 

Adjacent 11.0 64.7 4.2 24.7 
Watershed 

River 6.0 35.3 o.o o.o 

Net 17.0 100.0 4.2 24.7 

G-3 
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County Rock Island 
t~ISSISSIPPI RIVER 

INVES TI Gf:..T IONS 
---=--------------Location fro!"' 

nearest to1rn 7 mi. West of Anda 1 us ia 
Date May 16, 1988 

16 Station Sampled Dead Slough/ Andalusia Pool Mo. or Harne 
Refuge -----------

Stat.ions Location in River r1iles 462. 4-463. 0 __ __;~;,.:..,:_~.::....:;_;;__ ______________ _ 
UMRCC Habitat Classification: Tailwater Lake X Pond 
Hain channel ____ Y'ain channel border _____ Side channel ____ S-1-ou-,-~h--X--

Ar! 
Time Temp. ::.ec. 1:406) Tel'!'lperature: Air °F,Hater Surface 13 c -------
Water Color Clear Sky(weather) Cloudy \!ind W-15mph -------- ______ ,______ -----~----
Turbidity: .Secchi To bottom = 1.5' : Cause: -------------- ----------------
Chemistry: pH 8.0 Alkalinity 137 Other Cond:580 ------- ----------- DO: 11. 2 

Water Level: Low X Normal Hieh Flood ----- ------- ------- -------
Velocity(ft./sec.) 0 tlax. Depth 18" Avr,. Depth 12" 
r~ax. Hid th 1 O O _y_d.....;s'--.--r1in . Width ____ l"""O"""O_y_dT'"s-. ----Av,. w idth=====l=O=O==y=d::s:.: 

Bottom types(%): Silt(rnuck)_!_Sand_Gravel Rubble Boulders Bedrock ---
Type of Shoreline(%): Gravel bar S?.ndbar ~ud flat nocky ---- ----- ---- -----Steep r~ud bank 100 Other ----------------- potamogeton 
Aquatic Vegetation(% & type): 95% coverage coontail, curlyleaf, duckweed, 

Fish Habitat available: Brush X Logs ___ X ___ Sturr.ps X Rock dikes ___ _ 
Pile dikes Gravel ---n-i-p rap Aquatic vefetation _____ _ ----- -----Other -------------------
Recent Angler Success No Access __ _:;.;_;;;._;;:.;.;;;..;;..;;..;;.,;;;.,_ _____________________ _ 
Fish Population Analysis: Bag Seine Hauls (Size_-:------=-=:---' No._-_____ ); 
Hoop Net (No. Size Hrs .Set ____ ); Trap Net (No. ___ Size Hrs. Set ) ; 
Gill Net (No.--Si2e-Hrs. Set }; Tra~Mt:!l l!et(No. Size Hrs. Set ); 
Electro-Fishing (Time ---r7 30 ® 45 rlinutes, effeciency_:_-:_~-P::...o=o.:.r _____ _ Toxicant (area treated ___________ acres); Other __________ _ 

Fish condition: Some fin rot and lerneae I generally poor condition 

Fish Diseases: -----------=,,-----~------------------0 b served but 
Number of species collected 10 not collected -----------------
Pollution -----------------------------------
Fisherman usage No Ace es s --------------------------------
Time on Job: 4. 0 hrs. Personnel Involved Dan Sal lee, Ed Walsh ----------Reported by: Dan Sallee Date of Report 5/16/88 

Additional Remarks and Map on Reverse Side: H-1 



ILLINOIS DEPARTMENT OF CONSERVATION 
DIVISION OF FISHERIES 

FISH POPULATION ANALYSIS 
(Condition factor & Length-Frequency Summary 

Species 1-'I• Group Number 
----
Shortnose gar 553 1 

Bowfin 663 1 

Gizzard shad 274 1 
281 1 -
282 1 -· 

286 1 
312 1 
322 1 
336 1 
377 1 

8 -- .. 

~~entral mudrnir now 1 

Carp 114 1 
157 l 
171 1 
17 3- 1 
177 1 
233 1 --
477 1 ·-
616 1 

J.. 

8 

COUNTY __ R_o_c_k_I_s_l_a_n_d _______ _ 

WATER (NAME) Miss. ,Dead SI/Andalusia R.ef. 

DATE OF COLLECTION ____ -~j 16 / 8 8 

Percent of Weight Condition Rating Total Factor 

100% 5Ld) ----

100% ?100 

12.5 230 
12.5 250 
12.5 250 
l? _ 5 ??O 

12.5 370 
12.5 100 

12.5 480 
12.5 520 -
100% 

(PrP~Prvi ~,n 

12.5 30 
12.5 90 
12.5 90 
12 5 QO 

12.5 90 
12.5 250 
12.5 1180 
12.5 2850 
100% 

Sampling Time Involved: __ 4_5_m_1._· n---'-. __ Method of Collection: _.........;:C...:;;a=r----=t=--=o'-"p'--'e=--=l:....::e::....:c::....:t:....::o:....::f:....::i=-=s=h=i=n,..,g,.__ __ _ 

Biologist: Dan Sa 11 e e Date of Report: · 5/16/88.___ 

COPIES TO: If State or Public - District, Area & Central offices. 
All Others - District Office Only. 

f_M_ 12.0 (1-70) H-2 
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ILLINOIS DEPARTMENT OF CONSERVATION 
DIVISION OF FISHERIES 

FISH POPULATION ANALYSIS 

COUNTY Rock Island 

WATER(NAME)Miss.,Dead S1/__Anda_l_t!_:sia Ref 

(Condition factor & Length-Frequency Summa,y DATE OF COLLECTION ____.5~/-=1"""6'--'-/-=8-=8 _____ _ 

Golden &hiner 

¥,• Group Number Percent of 
Total 

67 1 16.6 
73 1 16.6 
88 1 16.6 
89 1 16.6 
92 1 16.6 

Weight Condition 
Factor Rating 

95 1 16.6 --------+---:a..=-----t=======t==========t-------t------r-----
6 100% 

Smallmouth 132 1 16.6 30 
buffalo 138 1 16.6 40 

145 1 16.6 50 
147 2 33.3 100 
165 1 16.6 70 

6 100% 

Bluegill 65 1 2.5 
73 1 2.5 
77 1 2.5 
78 1 2.5 
82 1 2.5 
84 1 2.5 -------+--------+------+------+-------+-----+-------
93 1 2.5 
96 1 2.5 20 
97 1 2.5 20 

101 1 2.5 20 
103 1 2.5 20 
105 1 2.5 20 
106 1 2.5 25 

(continued on next page) 

S · ,ling Time Involved: -~4=5----'-m=i ..... n....,. ___ Method of Collection: __ C=--a=-r ___ t=--o ..... p~e=--l~e=--c ..... t=--r---o=-f=-=-i s=-h=i n=-g __ _ 
Biologist: ___ D_a_n_S_a_l_l_e_e _________ Date of Report: __ 5_/_1_6 _/ 8_8_ 

COPIES TO: If State or Public - District, Area & Central offices. 
All Others - District Office Only. 

H-3 
F M. 12.0 (1-70) 



ILLINOIS DEPARTMENT OF CONSERVATION 
. DIVISION OF FISHERIES 

COUNTY Rock Island 

FISH POPULATION ANALYSIS 
WATER (NAME)Miss •• Dead Sl/Andalusia 

(Condition factor & Length-Frequency Summary DATE OF COLLECTION 5/16/88 

SpeclH l'J" Group Number Percent of Weight Condition Ralln'.l Total Factor 
----

Bluegill 107 1 2.5 25 
"(continued) 108 2 5.0 60 

109 1 2.5 30 
115 1 2.5 40 
118 1 2.5 40 

126 1 2.5 40 
134 2 5.0 120 
137 1 2.5 80 
148 1 2.5 90 
152 1 2.5 100 
153 3 7.5 285 
155 1 2.5 100 
156 I 2.5 l00J 
158 1 2.5 100 
160 1 2.5 100 
166 2 5.0 230 
167 1 2.5 130 
172 2 5.0 310 -
178 2 5.0 310 
212 1 2.5 260 

40 100% 

Largemouth baBs 170 1 50.0 60 
251 1 50.0 280 

2 100% 

Sampling Time Involved: __ 4_5_m_i_n:....:. ___ Method of Collection: __ C_a_r_to_p..___e_l_e_c_t_r_o_f_i_s_h_i_n_,_,_g 

Biologist: Dan Sallee Date of Report: __ ___,5~/-=l_Q_/~-------

COPIES TO: If State or Public - District, Area & Central offices. 
All Others - District Office Only. H-4 

F.M. 12.0 (1-70) 
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ILLINOIS DEPARTMENT OF CONSERVATION 
DIVISION OF FISHERIES 

FISH POPULATION ANALYSIS 
(Condition factor & Length-Frequency Summary 

4 

COUNTY Rock Island 

WATEA(NAME)Miss.,Dead Sl/Andalusia Ref. 

DATE OF COLLECTION ---=5:....c/--=1::....:6:....r../-=8=8 ____ _ 

SPkl• ~- Group Number Percent of Weight Condition Rating Total Factor 

Black craooie 144 1 20.0 40 

233 1 20.0 200 
243 1 20.0 240 

255 1 20.0 250 
267 1 20.0 300 

5 100% 

-

-
-

s \ng Time Involved: 45 min. Method of Collection: __ C_a_r_t_o..,&.p_e_l_e_c_t_r_o_;f_;i_;s_;h:...i...:cn=g.,__ __ _ 

Biologist: Dan Sallee Date of Report: --=-5,...../ =1=6,_/ 8=-8=--------__ _ 

COPIES TO: If State or Public - District, Area & Central offices. 
All Others - District Office Only • H-5 

F .M. 12.0 (1•70) 



WATERFOWL OBSERVATION DATA 
FOR ANDALUSIA REFUGE 
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The following waterfowl observation data originates from annual U.S. Fish and 

Wildlife Service aerial census counts made along the Upper Mississippi River. 

The records for Andalusia refuge are incomplete since during some counts the 

refuge area was not separated from other locations in Pool 16. Previous to 

1987, Dead Slough was not included in the count since it was not part of the 

refuge until 1987. 

1-1 
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